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Abs t r a c t  
This paper i s  one o f  a  ser ies  r e s u l t i n g  from i n s t i t u t i o n a l  ana lys is  
o f  photovol t a i c  ( P V )  acceptance. It r e p o r t s  the  r e s u l t s  o f  a  s tudy  o f  
i n s t i t u t i o n a l  f a c t o r s  i n f l u e n c i n g  acceptance o f  center -p ivo t  i r r i g a t i o n  
i n  the  Nebraska a g r i c u l t u r a l  community. Center-p ivot  i r r i g a t i o n  (CP) was 
an i n t e r e s t i n g  t o p i c  f o r  study because (1) i t  was a  major r e c e n t l y  
in t roduced technological  ' innovat ian i n  a g r i c u l t u r e  which ( 2 )  had 
p o t e n t i a l l y  de t r imenta l  at t r ibutes--water  and energy i n t e n s i t y .  A b r i e f  
h  i s t o r i c a l  r e v  iew o f  the i n t r o d u c t i o n  and acceptance o f  center -p ivo t  
i r r i g a t i o n  i n  t h e  Nebraska a g r i c u l t u r a l  community i s  presented. 
I n s t i t u t i o n s  which were a  l i k e l y  p a r t  o f  t h i s  i n s t i t u t i o n a l  arena 
r e l a t i v e  t o  CP i n t r o d u c t i o n  and acceptance were i d e n t i f i e d .  Their  l i k e l y  
responses were hypothesized, then data c o l l e c t e d  rega rd ing  a c t u a l  
response. Three broad conslusions are drawn. F i r s t ,  t h e r e  were 
d e f i n i t e ,  even c o n t r o l 1  i n g  i n s t i t u t i o n a l  in f luences i n  the  acceptance o f  
CP i n  t h e  Nebraska a g r i c u l t u r a l  community. Second, acceptance was 
f a c i l i t a t e d  i n  the  Nebraska a g r i c u l t u r a l  community because the innovat ion  
d i f f e r e n t i a t i o n  process y ie lded  secondary a t t r i b u t e s  o f  CP t h a t  met 
p r e v a i l i n g  soc ia l  orders--product iv i ty ,  automation, and f e l t  need. 
Thi rd,  t h e  innovat ion d i f f e r e n t i a t i o n  process f o r  CP  i n  t h e  Nebraska 
a g r i c u l t u r a l  community y ie lded  both t rans format ion  and d isconnect ion o f  
de t r imenta l  a t t r i b u t e s ,  c r e a t i n g  t h e  circumstances f o r  a t t r i b u t e  
r e d e f i n i t i o n  i n  the f i r s t  instance and another innovat ion  i n  the  second 
instance. 
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I r r i g a t i o n  
l h i s  paper i s  one of a se r ies  r e s u l t i n g  from i n s t i t u t i o n a l  ana lys i s  
o f  photovol t a i c  (PV) acceptance. These s tud ies  are undertaken w i t h  
sponsorship o f  t h e  US Department o f  Energy (DOE) as p a r t  o f  i t s  
Photovo l ta ic  Program. I n  a d d i t i o n  t o  i n s t i t u t i o n a l  questions, DOE i s  
i n te res ted  i n  economic, market ing and techno log ica l  issues, and i s  
sponsoring a ser ies  o f  s tud ies  and f i e l d  t e s t s  on these topics.  
I n s t i t u t i o n a l  ana lys is  s tud ies  have t y p i c a l l y  been undertaken i n  r e l a t i o n  
t o  p a r t i c u l a r  PV f i e l d  t e s t s  al though i n  some cases s tud ies  have focused 
on comparable technologies and i n s t i t u t i o n a l  fo rces  i n f l u e n c i n g  t h e i r  
acceptance. 
The a g r i c u l t u r e  i n s t i t u t i o n a l  arena was i nves t i ga ted  i n  connect ion 
w i t h  a f i e l d  t e s t  o f  PV a g r i c u l t u r a l  a p p l i c a t i o n s  f o r  i r r i g a t i o n  and 
g r a i n  dry ing.  The f i e l d  tes t ,  i n i t i a t e d  i n  J u l y  1977 and loca ted a t  The 
U n i v e r s i t y  o f  Nebraska's F i e l d  Laboratory a t  Mead, Nebraska, i s  being 
conducted by  MIT's L inco ln  Laboratory, i n  c o l l  abora t ion  w i t h  the  
Un ive rs i t y  ' s  Department o f  A g r i c u l t u r a l  Engineering . 
This working paper grew ou t  o f  data c o l l e c t i o n  e f f o r t s  f o r  
i n s t i t u t i o n a l  ana lys is  o f  PV acceptance i n  t h e  Nebraska a g r i c u l t u r a l  
community. [Nutt-Powell e t  al., forthcoming.] Data c o l l e c t i o n  f o r  t h a t  
purpose invo lved comparison o f  PV w i t h  a r e c e n t l y  accepted innovat ion.  
Center-pivot i r r i g a t i o n  (CP) was chosen as t h e  comparison innovat ion.  
P re l  i m i  nary research on CP suggested t h a t  it presented an i n t e r e s t i n g  
case o f  i n s t i t u t i o n a l  f a c t o r s  i n f l u e n c i n g  i n n o v a t i o n  acceptance. For 
t h a t  reason it was decided t h a t  a spec ia l  working paper would be prepared 
on t h e  top i c .  This paper i s  t h e  r e s u l t  o f  t h a t  e f f o r t .  
Among the  many quest ions ra i sed  by  CP, one i n  p a r t i c u l a r  captured our  
a t t e n t i o n  : Why d i d  i n s t i t u t i o n s  i n  Nebraska lend overwhelming support t o  
an innovat ion  t h a t  i s  e x t r a o r d i n a r i l y  water and energy in tens ive ,  
circumstances t h a t  would suggest opposi t i o n v  Even t h e  groups invo lved i n  
r e c t i f y i n g  the  problems occasioned by t h e  widespread use o f  CP have no t  
voiced oppos i t ion  t o  CP per  se . 
I n  t h i s  study we b r i e f l y  present  a chrono log ica l  h i s t o r y  o f  t h e  
acceptance o f  CP, then i d e n t i f y  and analyze those f a c t o r s  which 
con t r i bu ted  t o  i t s  i n i t i a l  and con t i nu ing  acceptance. 
CENTER-PIVOT IRRIGATION: A BRIEF HISTORY 
Center-pivot i r r i g a t i o n  (CP) has been described as t h e  most s i g n i f i c a n t  
advance i n  i r r i g a t i o n  i n  f o u r  thousand years. I r r i g a t i o n  had always been a  
h i g h l y  l abo r  i n tens i ve  process. I n  g r a v i t y  f l ow  i r r i g a t i o n ,  t h e  most 
extensive i r r i g a t i o n  system previous t o  s p r i n k l e r  system designs, a  g reat  deal 
of l abo r  was requ i red  t o  move t h e  pipes t h a t  c a r r i e d  t h e  water t o  t h e  trough, 
and t o  open and c lose  t h e  valves t h a t  c o n t r o l l e d  t h e  amount o f  water f low.  
With CP, o n l y  one-tenth to  one-eighth o f  t h e  l abo r  used f o r  g rav i t y - f l ow  
i r r i g a t i o n  i s  needed. On the  o ther  hand, c a p i t a l ,  energy, and water usage are  
a l l  increased. I n  t h e  19601s, when CP systems began t o  come i n t o  general use, 
energy and water costs were f a r  below cu r ren t  leve ls ,  and c a p i t a l  was 
avai 1  able. 
Recent s tud ies  show t h a t  t h e  groundwater l e v e l  i n  Nebraska i s  dropping a t  
an increas ing  ra te .  From f a l l  1975 t o  f a l l ,  1976, water l e v e l s  dec l ined i n  
n i n e t y 4 n e  o f  t h e  s t a t e ' s  n inety- three count ies.  I n  f i f t y - s i x  o f  these 
count ies the  dec l ine  i n  water l e v e l  was greater  dur ing  t h a t  per iod  than i n  t h e  
preceding year. Since t h e  19501s, s i x  areas i n  t h e  s t a t e  have experienced 
s i g n i f i c a n t  decl ines i n  water l eve l ,  some i n  excess o f  f i f t y  f ee t .  I n  each o f  
these areas t h e  dec l ine  i s  a t t r i b u t e d  p r i m a r i l y  t o  t h e  development o f  deep 
we l l  i r r i g a t i o n  methods. [ E l l i s  and Pederson, 1976.1 The technology t h a t  now 
dominates t h e  use o f  deep w e l l s  f o r  i r r i g a t i o n  i s  CP. 
I n  a  p a r t  o f  t h e  United States charac ter ized by  small government, extreme 
c o n t r o l s  have been enacted t o  prevent  t h e  r a p i d  exhaust ion o f  groundwater 
reserves. I n  1972, a  system o f  Natura l  Resource D i s t r i c t s  was es tab l ished t o  
moni tor  environmental problems. I n  1975, t h e  Groundwater Contro l  Act gave t h e  
l o c a l l y  e lec ted  d i r e c t o r s  o f  t he  Resource D i s t r i c t s  t he  power t o  c o n t r o l  
groundwater use. Measures o f  c o n t r o l  may be as d r a s t i c  as the  t o t a l  
p r o h i b i t i o n  o f  t h e  d r i l l i n g  o f  deep we l ls .  
The Ear l y  Development (1949-1966) 
Center-pivot i r r i g a t i o n  was conceived i n  1949 by Frank Zybach, who 
obta ined a pa tent  i n  1952. I n  t h a t  year, he and a par tner ,  A.E. Trowbridge, 
manufactured nineteen un i t s ,  some o f  which were operated by Trowbridge's 
nephew, B i l l  Curry, on land i n  Columbus, Nebraska. An a r t i c l e  i n  The Nebraska 
Farmer about Curry 's  CP u n i t s  f i r s t  brought CP t o  t h e  a t t e n t i o n  o f  t h e  
Nebraska a g r i c u l t u r a l  c o n u n i  t y .  
CP i s  a system o f  s p r i n k l e r  systems mounted on a l ong  pipe. The p ipe  i s  
supported by mobi l e  towers and i s  attached on one end t o  a deep w e l l  . The 
p ipe  and s p r i n k l e r s  move around t h e  w e l l  l i k e  a hand o f  a c lock;  water i s  
pumped from t h e  we l l  through the  s p r i n k l e r s  t o  i r r i g a t e  the  f i e l d .  
The m a j o r i t y  o f  CPs i n  opera t ion  a re  a q u a r t e r - m i l e  long. Thus, they 
i r r i g a t e  a c i r c u l a r  f i e l d  t h a t  occupies 133 o f  t h e  160 acres i n  a qua r te r  
sec t i on  (a  square qua r te r  m i l e ) .  A CP can c i r c l e  t h a t  s i z e  f i e l d  i n  as l i t t l e  
as twelve hours; most complete a c i r c u i t  once i n  t h ree  o r  f o u r  days. The 
average depth o f  a CP we1 1 i s  180 fee t ;  an average o f  900 ga l lons  o f  water i s  
pumped per hour. Most CPs are powered by  d i e s e l  engines; o thers  are d r i ven  by  
na tu ra l  gas-powered engines; and s t i l l  o the rs  by e l e c t r i c  motors. I n  an 
average c i r c u i t  a CP deposi ts  one inch  o f  water i n t o  a f i e l d .  Over t h e  course 
of a summer, a CP uses enough water t o  supply a town o f  one thousand people 
f o r  one year. 
Due t o  i t s  design, CP a l lows much p rev ious l y  non - i r r i gab le  land t o  be 
i r r i g a t e d .  Gated p ipe  systems r e q u i r e  extensive l e v e l i n g  o f  land t o  a l l ow  
g r a v i t y  t o  move t h e  water. By comparison, CPs can c l imb  i n c l i n e s  up t o  t h i r t y  
degrees, though it i s  recommended t h a t  CPs no t  be used on i n c l i n e s  g rea te r  
than ten  degrees, due t o  e ros ion  problems. Thus h i l l y  l and  can be i r r i g a t e d  
by  CP w i t h  l i t t l e  preparat ion.  A s i m i l a r  s i t u a t i o n  e x i s t s  w i t h  sandy s o i l .  
G rav i t y  f low i r r i g a t i o n  methods could no t  be used on sandy s o i l  because water 
app l i ed  through troughs would pass through such s o i l  t oo  qu ick ly .  By a l l ow ing  
prec ise  water app l ica t ion ,  CP systems put  down o n l y  as much water a t  a t ime as 
sandy s o i l  can ho ld  and p l a n t s  can use. Thus, because o f  CP t h i s  land i s  a l so  
made product i  ve. 
Among i t s  o ther  advantages, CP guarantees a crop. I r r i g a t i o n  systems 
t h a t  depend on water d i ve rs ion  from streams o r  r i v e r s  do n o t  guarantee a c rop  
i n  years w i t h  very low p r e c i p i t a t i o n .  By comparison, as l ong  as groundwater 
i s  ava i lab le ,  CP w i l l  assure a crop each year. 
CP i s  an energy i n t e n s i v e  innovat ion.  I n  app ly ing  twenty-two inches o f  
water over a season, a CP consumes ten  times the  f u e l  needed t o  till, p lan t ,  
c u l t i v a t e  and harvest  a c rop  such as corn. Current ly ,  f o r t y - th ree  percent  o f  
t he  energy used by the  Nebraska a g r i c u l t u r e  i n d u s t r y  i s  used t o  pump water f o r  
i r r i g a t i o n  purposes. [Sp l i n te r ,  1976.1 
However, water and energy were no t  the  concerns o f  t h e  Va l l ey  
Manufacturing Company (Valmont I n d u s t r i e s  a f t e r  1966), which bought Zybach's 
pa ten t  i n  1953. While f u r t h e r  improving and r e f i n i n g  t h e  technology, the  
market ing concerns o f  t h e  company centered on t h e  pub1 i c ' s  percept ion o f  t h e  
device. The b a r r i e r s  t o  acceptance were seen as th ree- fo ld :  
1. The seemingly poor l o g i c  o f  t r y i n g  t o  pu t  a c i r c l e  i n s i d e  a square 
f i e l d ;  
2. The i n e f f i c i e n c y - o f  having corners l e f t  over; 
3. The re luc tance on the  p a r t  o f  t h e  techn ica l  community t o  endorse CP. 
It was feared t h a t  water a p p l i c a t i o n  would exceed s o i l  capac i t y  
[Howard, 19781. 
Valmont thus became invo lved i n  seeking proof  t h a t  CP would work. By 
supply ing u n i v e r s i t i e s  w i t h  CP systems a t  l i t t l e  o r  no cost,  i t encouraged 
research. Arrangements o f  t h i s  k i n d  were made w i t h  t h e  U n i v e r s i t i e s  o f  
Kansas, Texas, Minnesota, and Maryland, and Ohio State Un ive rs i t y .  The 
p a r t i c u l a r  means by  which CP came t o  be s tud ied  by t h e  U n i v e r s i t y  o f  Nebraska 
were a combination o f  chance, Valmont's e f f o r t s ,  and t h e  U n i v e r s i t y ' s  own 
process o f  choosing research pro jec ts .  
I n  October 1966, t h e  U n i v e r s i t y  o f  Nebraska's I n s t i t u t e  o f  A g r i c u l t u r e  
and Natura l  Resources (IANR) was p lann ing  an i r r i g a t e d  pasture system a t  t h e  
North P l a t t e  Experiment Stat ion.  (The IANR i s  an umbrel la  i n c l u d i n g  t h e  
Un ive rs i t y  ' s  a g r i c u l t u r a l  school, t h e  A g r i c u l t u r a l  Extension Service, and t h e  
A g r i c u l t u r a l  Experiment Stat ions.) The system was t o  use a tow- l ine  
i r r i g a t i o n  process. At t h e  same time, A l f r e d  Ward was complet ing the  purchase 
of several CP systems w i t h  A1 Wahl, then general sa les manager o f  Valmont 
Indus t r ies .  Ward suggested they  stop a t  t h e  North P l a t t e  S ta t ion ,  as he had 
heard about research work being done t h e r e  i n  which he was i n te res ted .  Once 
there, Wahl found out  about t h e  planned i r r i g a t e d  pasture system and suggested 
t h a t  t h e  s t a t i o n  "go modern" and use CP ins tead o f  tow-1 i n e  i r r i g a t i o n .  
One o f  t he  concerns, cost, was met by Wahl ' s  o f f e r  o f  t h e  use o f  a CP 
system as a research grant .  The o ther  concern was whether CP should be tes ted  
a t  a l l .  T r a d i t i o n a l l y ,  research p r i o r i t i e s  are decided by t h e  superintendent 
of t h e  A g r i c u l t u r a l  Experiment Stat ion,  on t h e  recommendation o f  t h e  
U n i v e r s i t y ' s  f a c u l t y  w i t h i n  a spec ia l t y .  Thei r  decision, i n  turn,  i s  based on 
" f e l t  need.'' That i s ,  a re  farmers i n t e r e s t e d  i n  knowing what they a re  
studying? Apparently, b y  1966 enough CPs were i n  use t o  have generated some 
i n t e r e s t ,  as Valmont's o f f e r  was accepted. The use o f  CP was i n i t i a t e d  i n  
f a l l  1967. Although t h i s  may have been t h e  f i r s t  t ime CP was used a t  an 
experiment s ta t i on ,  it was somewhat i n c i d e n t a l  t o  t h e  main concern o f  t h e  
research being conducted, s p e c i f i c a l l y  comparing t h e  e f f e c t s  on c a t t l e  o f  
i r r i g a t e d  pasture versus d r y - l o t  feeding. Thus, though not  a pr imary 
considerat ion,  t h e  study d i d  prove t h a t  CP worked. The support o f  
center-p ivot  by t h e  U n i v e r s i t y  system began a t  t h i s  t ime and cont inued 
throughout t h e  next  two per iods  o f  CP d i f f u s i o n .  [She f f i e ld ,  1978.1 As w i l l  
be shown, t h i s  support, was c r i t i c a l  t o  t he  acceptance o f  CP i n  the  Nebraska 
a g r i c u l t u r a l  community. 
Before the  Boom (1967-1970) 
From 1967 t o  1970, t h e  number o f  CPs grew s tead i l y ,  across t h e  s ta te .  
Data are a v a i l a b l e  about t h e  number o f  CPs i n  a nine-county r e g i o n  i n  
southwestern Nebraska from 1965 through 1970 [She f f i e ld ,  1978.1 Table 1 
presents the  cumulat ive annual t o t a l s  f o r  t h i s  region.  
TABLE 1 
Cumulative Tota l  Center-Pivot I r r i g a t i o n  Systems 1965-1970 
Nine Counties, Southwestern Nebraska Region 
Year 1965 1966 196 7 1968 1969 1970 
Cumulative Tota l  
o f  CP Systems 14 29 71 161 296 349 
Source: Sheff  i e l d ,  1978. 
While t h i s  growth was occurr ing,  t h e  U n i v e r s i t y  was beginning t o  pub l i sh  
research r e s u l t s  on CP. The increased product ion  r e s u l t i n g  from CP was 
confirmed. Research was a l so  undertaken comparing t h e  economics and energy 
consumption o f  var ious i r r i g a t i o n  systems, and on the  proper a p p l i c a t i o n  o f  
water, herb ic ides,  and f e r t i  1 i z e r .  The r e s u l t s  o f  these research e f f o r t s  were 
d i  ssemi nated t o  the  general popu la t ion  through t h e  A g r i c u l t u r e  Extension 
Service. 
Beginning i n  1965, t h e  Nebraska Rural E l e c t r i f i c a t i o n  Associat ion (REA), 
represent ing  t h i r t y - t w o  o f  the  t h i r t y - s i x  r u r a l  e l e c t r i c  d i s t r i c t s ,  engaged i n  
a c t i v i t i e s  t h a t  encouraged t h e  acceptance o f  CP. The REA was e s p e c i a l l y  
a c t i v e  i n  1970-1971. I n  1965, peak e l e c t r i c  loads i n  Nebraska were i n  t h e  
w in ter .  Increased e l e c t r i c  use f o r  nonpeak t imes was encouraged; a v a r i e t y  o f  
e l e c t r i c  appl iances were supported, i n c l u d i n g  CP. At non-peak load times, 
r u r a l  e l e c t r i c  d i s t r i c t s  had t o  pay a minimum o f  s i x t y - f  i v e  percent  o f  peak 
load t o  whomever they purchased t h e i r  e l e c t r i c i t y  from. Thus i t  seemed 
e f f i c i e n t  t o  l e v e l  peak load amounts as much as possib le.  
The spread o f  CP was a l so  seen as f o s t e r i n g  r u r a l  development by making i t  
p r o f i t a b l e  f o r  more farmers t o  keep operat ing. I n  t h i s  way t h e  r u r a l  
popu la t ion  would remain t h e  same or, hopefu l l y ,  increase. To support CP, REA 
conducted t o u r s  o f  CP systems f o r  bankers, farmers, and newspaper ed i to rs .  
Ads were p laced on r a d i o  and i n  t he  REA magazine. Speakers were sent t o  4-H 
groups and chambers o f  commerce. The m s t  e f f e c t i v e  t a c t i c  was showing t h e  
cost-benef it r e l a t i o n s h i p  o f  CP t o  bankers. [Anderson, 1978.1 
The connection t o  t h e  f inance community was a most c r i t i c a l  one, as t h e  
support o f  lending i n s t i t u t i o n s  was c r u c i a l  t o  CP acceptance. Few, i f  any, 
CPs were f inanced before  1967. However, it i s  est imated t h a t  c u r r e n t l y  
n i n e t y - f i v e  percent o f  a l l  are f inanced i n  some manner. [She f f i e ld ,  1978.1 
The Product ion Cred i t  Associat ion wai ted t o  lend t o  t h e  " p r a c t i c a l "  
i nnovators--those who had learned from t h e  mistakes o f  t h e  e a r l y  innovators  
who might  have l o s t  t h e i r  s h i r t s .  [Jamison, 1977.1 The Farmer's Home 
Admin is t ra t ion  he ld  o f f  u n t i l  1967, a f t e r  which i t would l end  t o  farmers who 
had s a t i s f a c t o r y  s o i l  and water condi t ions,  [Waldo, 1977.1 P r i v a t e  banks and 
insurance companies wai ted u n t i l  t h e  devices were i n  t h e  f i e l d  f o r  t en  t o  
f i f t e e n  years, [Shick, 1978.1 Dealers, associated w i t h  Valmont I ndus t r i es ,  
would i n v i t e  l o c a l  bankers t o  Valmont where they could l e a r n  about CP and t h e  
company. 
I n  1969, t h e  exc lus i ve  pa tent  on CP he ld  by Valmont expired, and many 
f i r m s  began manufactur ing CP systems. As many as f o r t y  e n t i t i e s  were 
producing CP systems i n  t h e  e a r l y  1970's; t h e r e  are c u r r e n t l y  approximately 
ten  CP manufacturers opera t ing  i n  Nebraska. 
The Boom Per iod (1971 - Present) 
The growth r a t e  f o r  CP has been i n c r e d i b l y  h igh  dur ing  t h e  1970's. 
D i f f u s i o n  o f  CP has been p a r t i c u l a r l y  extensive i n  t h e  s a n d h i l l s  o f  the  
nor th-centra l  (Hol t County) and south-western (Dundee County) p a r t s  o f  t h e  
state.  Table 2 shows the  growth o f  CP i n  Nebraska from 1972 t o  1976. 
TABLE 2 
Center-Pivot I r r i g a t i o n  Systems i n  Nebraska, 1972-1976 
Year ly  Add i t ions  
-- - -- 
Up t o  1972 1973 1974 1975 1976 Tota l  
Source: Remote Sensing Center, 1977. 
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The number o f  i r r i g a t i o n  w e l l s  being dug i s  i nc reas ing  a t  an e q u a l l y  r a p i d  
ra te .  [See Table 3.1  Yearly add i t i ons  o f  center  p i v o t s  and deep w e l l s  
increased a t  a r a t e  rang ing  from 115 t o  180 percent.  Since 1965, 
approximately 98 percent o f  a l l  new i r r i g a t i o n  u t i l  i zes  groundwater, as 
opposed t o  sur face water. CP systems a r e  c u r r e n t l y  i r r i g a t i n g  1.5 m i l l i o n  
acres o f  land i n  Nebraska; t h i s  represents h a l f  o f  a l l  newly i r r i g a t e d  land 
s ince 1969, and 75 t o  80 percent  o f  newly i r r i g a t e d  l and  i n  1974 and 1975. 
Center-pivot systems are now found i n  such d iverse  l oca t i ons  as Colorado, 
Minnesota, Texas, F lo r ida ,  t h e  P a c i f i c  Northwest, Libya, Aus t ra l i a ,  Hungary, 
France, and the  Middle East among others, [ S p l i n t e r ,  1976.1 
With widespread use o f  CP, problems i n v o l v i n g  groundwater con t ro l ,  energy 
use, and land management began t o  emerge. A number o f  domestic we1 1s have 
gone d r y  due t o  t h e  use o f  many CPs i n  t h e  same a q u i f  i e r .  Though most o f  
these cases have been s e t t l e d  out  o f  cour t ,  two cases t h a t  d i d  reach j u d i c i a l  
dec is ions  r e s u l t e d  i n  t h e  landowners o f  t h e  deep w e l l s  be ing  h e l d  l i a b l e ,  and 
ordered t o  compensate those whose w e l l s  ran  dry. 
These cases have spurred a se r ies  o f  a c t i v i t i e s  regard ing  underground 
water r i g h t s .  I n  1972, t h e  Nebraska Unicameral ( the Sta te  Leg is la tu re )  se t  up 
a system o f  twenty-four Natura l  Resource D i s t r i c t s  (NRDs) t o  sponsor data 
c o l l e c t i o n ,  economic e f f i c i e n c y  studies, and educat ional func t ions .  Thus, 
groundwater dep le t ion  would be monitored and s e t  i n  t h e  contex t  o f  economic 
development. I n  1975, t h e  Groundwater Contro l  Act was passed, which a l lowed 
t h e  NRDs t o  e s t a b l i s h  groundwater c o n t r o l  d i s t r i c t s .  I n  these d i s t r i c t s ,  
c o n t r o l s  o f  many k inds  can be implemented, i n c l u d i n g  a complete ban on the  
d r i l l i n g  o f  deep we l ls .  
The Conservation and Survey D i v i s i o n  (CSD) o f  UN-L modeled t h e  water 
system i n  a western Nebraska d i s t r i c t .  This  and o the r  work done by t h e  CSD 
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has con t r i bu ted  t o  t h e  dec la ra t i on  o f  two groundwater c o n t r o l  d i s t r i c t s ,  t h e  
Upper Republican (on August 1, 1977) and t h e  Upper B ig  Blue Natura l  Resource 
D i s t r i c t s  (on December 9, 1977). Contro ls  implemented i n  t h e  Upper Republ i can  
c o n t r o l  d i s t r i c t  inc lude the  a l l o c a t i o n  o f  groundwater among users ( t o  be 
measured by meters which must be i n s t a l l e d  by 1980) and a minimum spacing 
requirement between wel ls .  
I n  t h e  area o f  energy use, s h i f t s  i n  e l e c t r i c i t y  demand and percept ion  
regard ing  energy resource a v a i l a b i l i t y  have a1 te red  t h e  market f o r  CPs. CP 
growth has coinc ided w i t h  s h i f t s  i n  pa t te rns  o f  e l e c t r i c a l  energy use. 
Widespread use o f  a i r  cond i t i on ing  changed peak e l e c t r i c a l  loads from w i n t e r  
t o  summer. The o i l  embargo i n  1974 switched energy producers from an 
expansion t o  conservat ion menta l i t y .  The REA no longer campaigned f o r  
e l e c t r i c i t y  demanding devices bu t  f o r  mechanisms such as t ime c locks  and r a d i o  
s igna ls  t o  c o n t r o l  when a CP operates. CPs would be shut down when peak loads 
were about t o  be exceeded. Customers would rece ived a d iscount  on t h e i r  
e l e c t r i c i t y  i n  exchange f o r  t he  inconvenience. However, even w i t h  such a 
schedul ing plan, a w a i t i n g  l i s t  f o r  CP has been establ ished.  
Land ownership and usage has bee a1 te red  by CP. The r i s e  o f  CP has been 
accompanied by  an increase i n  i nves to r -  as opposed t o  operator-owned farms. A 
study conducted by t h e  Center f o r  Rural A f f a i r s  (CRA), a p r i v a t e  research 
center  concerned w i t h  t h e  s ta tus  o f  t h e  f a m i l y  farm, repor ted  t h a t  i n v e s t o r  
ownership o f  CP i n  Dundec increased from 17 percent t o  33 percent  i n  1975 
alone. [CRA, 1977.1 By making a g r i c u l t u r e  c a p i t a l  in tens ive ,  CP enable 
specu la t ive  investment i n  a g r i c u l t u r e .  
The CRA and o the rs  have voiced concern about b r i n g i n g  marginal l and  i n t o  
product ion w i t h  CP. Marginal land i s  land considered unsu i tab le  f o r  crops. 
( D e f i n i t i o n s  and grades o f  land are  prov ided by t h e  USDA. ) Most o f  t h e  
concern centers on land unsui table f o r  i r r i g a t i o n  due t o  s u s c e p t i b i l i t y  t o  
wind. erosion. Though such 1 and may be product ive and f i n a n c i a l l y  successful 
over the shor t  term, severe damage t o  t he  land from c u l t i v a t i o n  made p r a c t i c a l  
by CP may eventua l ly  make i t completely unsui table f o r  use. 
Summarizing the  h i s t o r y  then, one f i n d s  t h a t  the  e a r l y  development o f  
cen ter -p ivot  i rri gat ion was concerned w i th  the r e f i n i n g  and producing o f  t he  
device. I n s t i t u t i o n a l  involvement occurred a t  the  second stage, i n  the form 
o f  test ing,  then support f o r  the aspects o f  CP t h a t  were product ive and a 
boost t o  the  economy. Later, i n s t i t u t i o n a l  ac t ion  was concerned w i t h  
c o n t r o l l i n g  the negative aspects o f  the device t h a t  became magnif ied upon 
large-scale d i f fus ion .  Figure 1 presents a chronological  summary. 

ANALYTIC FRAMEWORK 
This sec t ion  describes t h e  a n a l y t i c  framework used t o  s tudy center -p ivo t  
i r r i g a t i o n  as an innovat ion  and the  i n f l uence  o f  i n s t i t u t i o n s  on i t s  
acceptance. This framework has th ree  par ts .  F i r s t ,  innovat ion  i s  de f ined and 
described. The concept o f  innovat ion  d i f f e r e n t i a t i o n  i s  in t roduced as a 
c r i t i c a l  p a r t  o f  innovat ion  d i f f u s i o n .  Recent s tud ies  are  described t h a t  
i n d i c a t e  a  growing awareness o f  t h e  impact o f  i n s t i t u t i o n a l  a c t i o n  on 
innovat ion  d i f f u s i o n .  Second, i n s t i t u t i o n s  a re  de f ined and described. The 
dimensions o f  i ns t i t u t i ons - - func t i on ,  a c t i v i t y ,  and role--are useful  t o  
understand and i n t e r p r e t  t h e  p a r t  i n s t i t u t i o n s  p l a y  i n  innovat ion  acceptance. 
F i n a l l y ,  t h e  d e t a i l s  o f  t h i s  p a r t i c u l a r  research design are  elaborated. 
Innovat ion D i f f e r e n t i a t i o n  
I n  d iscuss ing  innovat ion, H.G. Barnet t  [I9533 d is t i ngu i shes  between 
lficonfigurationsll and " innovat ions." A c o n f i g u r a t i o n  i s  t h e  1  inkage o r  f u s i o n  
o f  two o r  more elements no t  p rev ious l y  combined i n  t h i s  way. An i nnovat ion  i s  
t h i s  f u s i o n  on a  mental plane, t h a t  i s ,  t h e  l i nkage  between ideas. An idea 
may be an " idea o f  a  t h i n g  w i t h  substance1I o r  an " idea o f  some in tang ib le . "  
An i nnovat ion  always has antecedents; i t  i s  always a  new combination of 
p rev ious l y  e x i s t i n g  ideas. 
The process o f  innovat ion  adopt ion over t ime i s  c a l l e d  d i f f u s i o n .  A 
c e n t r a l  premise t o  t h i s  ana lys is  i s  t h a t  d i f f u s i o n  i s  charac ter ized by 
innovat ion  d i f f e r e n t i a t i o n .  D i f f e r e n t i a t i o n  e n t a i l s ,  a t  l eas t ,  t h e  f o l l o w i n g  
f o u r  phenomena: 
1. D i f f e r e n t  percept ions o f  t h e  same innovat ion  by d i f f e r e n t  users. 
2. D i f f e r e n t  percept ions o f  t h e  same innovat ion  by  a  s i n g l e  user a t  
d i f f e r e n t  t imes. 
3. Coro l l a r i es  t o  an innovat ion  r e s u l t i n g  from increased d i f f u s i o n  o r  
broader app l ica t ions .  
4. E f f e c t s  from an innovat ion  n e c e s s i t a t i n g  an i nnova t i ve  response from 
t h e  environment. (The environment r e f e r s  t o  t h e  e n t i r e  a r ray  o f  
i n s t i t u t i o n a l  e n t i t i e s  .) 
Nuclear f i s s i o n  can be used t o  i l l u s t r a t e  each o f  these concepts: 
1. Nuclear f i s s i o n  i s  viewed by the  Department o f  Defense as a  source o f  
new weapons (bombs, submarines) bu t  by  u t i l i t y  companies and t h e  
Department o f  Energy as a  generat ing source o f  e l e c t r i c i t y .  
2. Oppenheimer worked on t h e  Manhattan P ro jec t  and had a  p o s i t i v e  v i s i o n  
o f  what nuclear  f i s s i o n  would mean. Years l a t e r ,  he t e s t i f i e d  t h a t  
t h e  dangers o f  t h i s  technology outweighed i t s  bene f i t s .  , 
3. With expansion o f  nuclear  energy use came the  fo rmat ion  o f  t he  Nuclear 
Regulatory Commission t o  mon i to r  and c o n t r o l  i t s  app l i ca t i on .  
4. An e f f e c t  o f  nuclear  generat ing p l a n t s  i s  t h e  heat ing  o f  water used i n  
some c o o l i n g  systems. An i nnova t i ve  response i s  needed t o  f i n d  a  way 
t o  dispose o f  t h i s  water w i thou t  u p s e t t i n g  t h e  eco log i ca l  balance of 
l o c a l i t i e s  where nuclear  p l a n t s  are s i t ua ted .  
Thus t h e  d i f f e r e n t i a t i o n  found i n  innovat ion  d i f f u s i o n  occurs i n  r e l a t i o n  
t o  d i f f e r e n t  actors,  d i f f e r e n t  times, d i f f e r e n t  outcomes and d i f f e r e n t  
responses. I n  each case t h e  innovat ion  i s  d i f f e r e n t i a t e d  because t h e  
d i f f e r e n t  actors/times/outcomes/responses prompt d i f f e r e n t  1  inkages between 
andlor among ideas. I n  e f f e c t ,  d i f f e r e n t i a t i o n  occurs when t h e  meaning 
attached t o  t h e  innovat ion  i s  re f i ned .  [For a r e l a t e d  d iscuss ion  on t h i s  
p o i n t  see Nutt-Powell e t  a1 . , 1978, pp. 25-27.] 
While i t i s  d i f f i c u l t ,  i f  n o t  impossible, t o  rec rea te  t h e  f a c t o r s  
c o n t r i b u t i n g  t o  the  d i f f e r e n t i a t i o n  process o f  any g iven a c t o r  i n  r e l a t i o n  t o  
any given innovat ion, it i s  poss ib le  t o  i d e n t i f y ,  i n  a  s i m p l i f i e d  way, t h e  
l inkages which occured, whether t h e  r e s u l t  o f  exchanges i n  r e l a t i o n  t o  
d i f f e r e n t  actors,  times, outcomes and/or responses. Take, f o r  example, t h ree  
poss ib le  cen te r -p i vo t  i r r i g a t i o n  1  i nkages: 
1. Inventor-- Sp r ink le r  system + deep w e l l  3 center -p ivo t  + p a t e n t  + 
p r o f  it 
2. Farm equipment manufacturer-- Center-pivot i r r i g a t i o n  + e f f i c i e n c y  + 
sales + p r o f i t  
3. Farmer-- I r r i g a t i o n  + center -p ivo t  + guaranteed crops 3 increased 
product ion  3 p r o f i t  
Surpr is ing ly ,  t h e  l i t e r a t u r e  on innovat ion  has tended t o  t r e a t  t h e  
a t t r i b u t e s  o f  an innovat ion  as f i xed ,  an approach rendered inadequate by t h e  
concept o f  d i f f e r e n t i a t i o n .  I n  t h i s  ana lys is  a broader view o f  innovat ion  i s  
used, based on t h e  innovat ion  d i f f e r e n t i a t i o n  concept. An innovat ion  d i f f e r s  
according t o  actors,  time, outcomes and responses, and t h e  i n t e r a c t i o n  o f  
these fac to rs .  This concept sets innovat ion  i n  a l a r g e r  environment, 
recogn iz ing  t h a t  innovat ion  acceptance i s  no t  separate from i t s  environment, 
i t s  elements and ongoing processes. The a t t r i b u t e s  o f  an innovat ion,  be i t a 
process o r  product, a re  no t  f i xed ,  bu t  a re  t h e  r e s u l t  o f  t h e  meanings r e a l i z e d  
i n  the  1 i nkage between ideas. 
One a n a l y t i c a l  cons t ruc t  i s  p a r t i c u l a r l y  use fu l  i n  s tudy ing  
d i f f e r e n t i a t i o n .  Downs and Mohr [I9761 d i s t i n g u i s h  between pr imary and 
secondary a t t r i b u t e s  o f  an innovat ion.  A p r imary  a t t r i b u t e  i s  re1  a t i v e l y  
s table,  thus l ess  subject  t o  change due t o  the  percept ion  o f  t he  observer. To 
any observer an automobile i s  an automobile, n o t  a subway ca r  o r  a i rp lane.  A 
secondary a t t r i b u t e  i s  one which can vary  s u b s t a n t i a l l y  accord ing t o  the  
percept ion o f  t h e  observer. A Volkswagen i s  no t  a C a d i l l a c  b u t  may be e q u a l l y  
a l uxu ry  f o r  someone a t  sometime. Innovat ion d i f f e r e n t i a t i o n  tends t o  occur 
most ly  i n  r e l a t i o n  t o  secondary a t t r i b u t e s .  
Thus, t h e  a t t r i b u t e s  o f  an innovat ion  such as center -p ivo t  i r r i g a t i o n  are  
n o t  s imply def ined. The pr imary a t t r i b u t e s  are  clear--CP i s  a l ong  p ipe  
s p r i n k l i n g  water as i t  r o t a t e s  around a f i e l d .  But what are t h e  secondary 
a t t r i b u t e s ?  They can be named and quest ions can be asked r e l a t i v e  t o  them, 
bu t  they  can on l y  be determined by proposing hypotheses and then t e s t i n g  
them. The f o l l o w i n g  secondary a t t r i b u t e s  and quest ions ill u s t r a t e  the  f o u r  
types o f  innovat ion  d i f f e r e n t i a t i o n :  
1. CP i s  l abo r  saving. I s  CP f o r  use by  f a m i l y  farmers who wish t o  farm 
more land, bu t  whose sons and/or daughters have moved away? O r  i s  CP 
f o r  use on corporate farms t h a t  a re  charac ter ized by  absentee owners, 
farm managers and employees 7 
2. CP increases product ion. What about t h e  dangers o f  over-product ion ? 
I f  corn p r i ces  drop low enough, w i l l  CP p r i c e  i t s e l f  ou t  o f  t he  
market ? I f  increased product ion  i s  no longer  a pr imary goal, w i l l  t h e  
view o f  CP change ? 
3. CP uses l a r g e  q u a n t i t i e s  o f  groundwater. W i l l  use o f  CP drop 
groundwater l e v e l s  s i g n i f i c a n t l y  ? Can groundwater be recharged 
n a t u r a l l y  o r  could technology f i n d  a way t o  rep len i sh  it ? W i l l  
groundwater have t o  be regu la ted  ? Can groundwater be regu la ted  i n  a 
non-discr iminatory manner 7 
4. CP can i r r i g a t e  sand h i l l s  and very  h i l l y  land. What happens t o  land, 
e s p e c i a l l y  f r a g i l e  land such as sand h i l l s ,  a f t e r  it has been 
i r r i g a t e d -  by  CP f o r  15 o r  25 years?  What happens t o  l a n d  improvement 
cont rac tors  i f  the  need f o r  t h e i r  serv ices  i s  s i g n i f i c a n t l y  reduced! 
What happens t o  t h e  support ing serv ices o f  t h e  r u r a l  a g r i c u l t u r e  
economic community (smal l  businesses, h e a l t h  p r o v i  ders, and so on) i f  
corporate farms increase and prov ide  these serv ices  in-house ! 
A subs tan t i a l  p ropo r t i on  o f  innovat ion  research deals p r i m a r i l y  w i t h  
quest ions concerning t h e  dec is ion  t o  adopt, t h a t  i s  t h e  adopter- innovat ion 
exchange. However, as t h e  d i f f e r e n t i a t i o n  d iscussion suggests, many fac to rs  
c o n t r o l l i n g  t h i s  dec is ion  a re  in f luenced by  t h e  ac t ions  o f  i n d i v i d u a l s  o r  
o rgan iza t ions  o ther  than the  adopter o r  producer. These ac to rs  may n o t  
d i r e c t l y  purchase o r  use t h e  innovat ion,  b u t  may per form some o t h e r  a c t i v i t y  
which inf luences o r  i s  in f luenced by it. U n t i l  r ecen t l y ,  innovat ion  d i f f u s i o n  
was considered t o  be determined s o l e l y  by producers and adopters, w i t h  
in fo rmat ion  as t h e  in termediary.  I n  a t r u e  f r e e  e n t e r p r i s e  economy t h i s  would 
c o n s t i t u t e  s a t i s f a c t o r y  theory. However, as our s o c i e t y  has experienced 
growth and become aware o f  t he  l i m i t s  t o  growth, t he  f r e e  e n t e r p r i s e  system 
has been i n c r e a s i n g l y  regu la ted  by  i n s t i t u t i o n s .  Selznick [ I9601 has dubbed 
i n s t i t u t i o n s  " the regu la to rs  o f  change. " Another w r i t e r  def ines i n s t i t u t i o n s  
as " c o l l e c t i v e  a c t i o n  i n  con t ro l ,  l i b e r a t i o n ,  and expansion o f  i n d i v i d u a l  
act ion." [McDermott, 1971.1 The wide range o f  a c t i v i t i e s  t h a t  may i n f l uence  
innovat ion  inc ludes l e g i s l a t i o n ,  c o u r t  decisions, publ ished research, media 
coverage, p u b l i c  demand, p o l i t i c a l  necessi ty ,  and so on. I n  shor t ,  
i n s t i t u t i o n s  are a major c o n t r i b u t o r  t o  t he  process o f  d i f f e r e n t i a t i o n .  
I n s t i t u t i o n s  and Innovat ion 
Studies o f  innovat ion are  i nc reas ing l y  r e f l e c t  t h e  v a r i e t y  o f  concerns 
t h a t  impinge upon t h e  r e l a t i o n s h i p  between producer and adopter. I n  
developing c r i t e r i a  f o r  determin ing t h e  success o f  an innovat ion,  White [ I9781 
found t h a t  government r e g u l a t i o n  i s  l i k e l y  t o  prevent  t h e  success o f  
super-sonic t r a n s p o r t  ( t h e  SST) and l i k e l y  t o  guarantee t h e  success o f  
automotive microprocessors. A recen t  newspaper a r t i c l e  by columnist  Jack 
Anderson [ I9781 c i t e s  t h e  s t r u c t u r e  o f  t h e  automobile i n d u s t r y  as prevent ing  
the  market ing o f  a t i r e  t h a t  i s  s t ronger,  longer l a s t i n g ,  and more e f f i c i e n t  
than those c u r r e n t l y  being used. Indeed t h e  term " regu la t i on "  i s  now 
r o u t i n e l y  used t o  describe a p a r t  o f  t h e  innovat ion  process through which an 
innovat ion  must pass. [Myers and Sweezy, 1978.1 
Here we use i n s t i t u t i o n s  t o  r e f e r  t o  an e n t i t y  t h a t  i s  a r e p o s i t o r y  f o r  
soc ia l  meaning. [Nutt-Powel 1 e t  a1 . , 1978.1 There are  s i x  i n s t i t u t i o n a l  
e n t i  t i e s .  Three are organizat ional - - formal  organizat ions,  i n fo rma l  
organizat ions,  and members-- and th ree  a re  not--social  orders, c o l l e c t i v i t i e s  
and persons. The d e f i n i n g  dimensions o f  i n s t i t u t i o n s  are func t ion ,  a c t i v i t y ,  
and r o l e .  Function broad ly  def ines t h e  area o f  an i n s t i t u t i o n ' s  concern. 
A c t i v i t i e s  are undertaken t o  support t h a t  func t ion .  Roles represent  
s t ra teg ies  taken i n  a p a r t i c u l a r  s i t u a t i o n  t o  implement a f u n c t i o n a l  
a c t i v i t y .  Any given i n s t i t u t i o n  w i l l  have a resource con f i gu ra t i on ,  b y  which 
we mean t h e  way i n  which i t s  resources are  a l l oca ted  t o  f u l f i l l  i t s  r o l e ( s )  i n  
support o f  i t s  f unc t i ona l  a c t i v i t i e s .  
I n s t i t u t i o n s  e s t a b l i s h  exchange r e l a t i o n s h i p s  w i t h  var ious members o f  t h e  
environment t o  form an i n s t i t u t i o n a l  network. The exchange may i n v o l v e  
information, services, goods, o r  personnel. An i n s t i t u t i o n  w i l l  respond t o  an 
innovat ion  i n  e i t h e r  a r o u t i n e  o r  i nnova t i ve  way. The d i f f e r e n c e  between 
these responses i s  as fo l lows:  
1. Routine--The innovat ion  es tab l  ishes r o u t i n e  1 inkages w i t h  t h e  
i n s t i t u t i o n ,  enabl ing the  i n s t i t u t i o n  t o  u t i l i z e  a standard procedure, 
s t ruc tu re ,  o r  se t  o f  guidel ines.  
2. Innovative--The innovat ion, e i t h e r  from i t s  pr imary o r  secondary 
a t t r i b u t e s ,  creates new 1 inkages and t h e r e f o r e  provokes an i nnova t i ve  
response. 
The process o f  d i f f e r e n t i a t i o n  i s  one which moves t h e  response f rom innova t i ve  
t o  rou t i ne ;  t he  tendency o f  i n s t i t u t i o n s  i s  t o  r o u t i n i z e  the  non-routine. 
The f o u r  response categor ies t h a t  w i l l  be used i n  t h i s  ana lys is  are 
intended t o  describe t h e  nature ( r o u t i n e  o r  i nnova t i ve )  o f  the  i n t e r a c t i o n  
between t h e  i n s t i t u t i o n  and t h e  innovat ion, and t h e  impact on t h e  
i n s t i t u t i o n ' s  resource conf igura t ion .  The ca tegor ies  are as fo l l ows :  
1. None--This i nd i ca tes  t h a t  t h e  innovat ion  has no impact on t h e  
i n s t i t u t i o n ,  i n  e i t h e r  pr imary o r  secondary a t t r i b u t e s .  It i s  n o t  
p a r t  o f  t h e  i n s t i t u t i o n a l  network. 
2. Routine response--The innovat ion  i s  supported by the  i n s t i t u t i o n  i n  a 
r o u t i  ne manner . 
3. Cooperative response--The innovat ion  i s  perceived as p o t e n t i  a1 l y  
st rengthening the  i n s t i t u t i o n ' s  resource con f i gu ra t i on ,  and thus i s  
supported, r e s u l t i n g  i n  i n s t i  t u t i on - i nnova t i on  cooperat ion. 
4. Conf 1 i c t  response--The innovat ion  i s  perceived as p o t e n t i a l l y  
weakening t h e  i n s t i t u t i o n ' s  resource con f i gu ra t i on ,  and thus i s  
opposed, r e s u l t i n g  i n  i n s t i t u t i o n - i n n o v a t i o n  c o n f l i c t .  
The f i r s t  two responses are  rou t ine  i n  t ha t  there  i s  no d is rup t ion  i n  the 
i n s t i t u t i o n a l  arena. The l a t t e r  two are innovat ive i n  t h a t  resources are 
r e a l  located t o  f i r s t  comprehend, then e i t h e r  support o r  oppose the innovation. 
Research Design 
Understanding the inf luence o f  i n s t i t u t i o n s  on innovat ion acceptance 
e n t a i l s  a  simultaneous focus on each, i n  a  s p e c i f i c  s i t u a t i o n  i n  which 
innovation appears. The f o l l ow ing  steps provide a  s t ruc tu re  f o r  such a  study: 
1. Define the innovation, by primary a t t r i bu tes .  
2. Determine the  p a r t i c u l a r  i n s t i t u t i o n a l  arena f o r  study. 
3. I d e n t i f y  those i n s t i t u t i o n s  l i k e l y  t o  be p a r t  o f  the i n s t i t u t i o n a l  
arena. 
4. I d e n t i f y  the funct ions, a c t i v i t i e s ,  r o l es  and consequent resource 
conf igura t ion o f  each i n s t i t u t i o n  i n  order t o  assess 
ins t i tu t i on - innova t ion  in te rac t ions  (s).  
5. I d e n t i f y  the i n s t i t u t i o n a l  responses t o  innovation. 
6. Analyze the  d i r e c t  and i n d i r e c t  e f f e c t s  o f  such responses on 
a t t r i bu tes  o f  the innovation, and how those a t t r i b u t e s  e f f e c t  
d i f f u s i o n  p o s s i b i l i t i e s .  
7. Analyze the e f f e c t  o f  such responses on the i n s t i t u t i o n s  (funct ion, 
a c t i v i t y ,  r o l e  and resource con f igu ra t ion )  and the i n s t i t u t i o n a l  arena. 
This study focuses p r i m a r i l y  on two o f  the s i x  i n s t i t u t i o n a l  
ent i t ies- formal  organizat ions and members. This choice was made i n  p a r t  
because, as McDermott notes, speci f i c  organizat ions are necessary as a  veh ic le  
f o r  the i n s t i t u t i o n s ,  and the performance o f  the organizat ion i s  one 
determinant o f  the  e f f e c t  o f  the i n s t i t u t i o n s ,  [McDermott, 1971.1 With in the 
context o f  a  la rger  study [Nutt-Powell e t  a1 . , forthcoming], an hypothesized 
i n s t i t u t i o n a l  arena f o r  the  Nebraska a g r i c u l t u r a l  community was developed. 
Organizations l i k e l y  t o  be p a r t  o f  the i n s t i t u t i o n a l  network impacting CP were 
specif ied, based on funct ion and a c t i v i t y .  
Information exchange was chosen as a key focus f o r  data co l lec t ion .  Data 
were co l lec ted  through personal interv iews conducted i n  July-August 1977 and 
February 1978 w i t h  key members o f  the  organizat ions determined t o  be cen t ra l  
t o  the i n s t i t u t i o n a l  network. A semi-structured open-ended survey instrument 
was developed. ( A  1 i s t  o f  those interviewed i s  included as Appendix Am) 
Questions about the a t t r i b u t e s  o f  the innovat ion were asked t o  balance 
questions concerning informat ion channels, and the  nature o f  the  organizat ions 
and members and t h e i r  a c t i v i t i e s .  A t t r i bu tes  o f  the innovat ion w i l l  be 
conveyed by information, but  the weight given various a t t r i bu tes ,  and 
there fore  the determinant o f  the a c t i v i t y ,  w i l l  vary w i t h  the type o f  
information received by the organizat ion and the func t iona l  a c t i v i t y  o r  r o l e  
o f  the organizat ion. The r o l e  o f  the i nd i v i dua l  i n  e f f e c t i n g  i n s t i t u t i o n a l  
ac t ion i s  a lso considered b r i e f l y .  I n  many cases, an i nd i v i dua l  can b u i l d  an 
i n s t i t u t i o n  and cont ro l  i t s  a c t i v i t i e s .  Powerful i nd iv idua ls  can 
subs tan t i a l l y  block o r  support an innovation. 
A p a r t i c u l a r  focus i n  the analysis i s  on the r o l e s  adopted by the 
i n s t i t u t i o n s  studied. Several, such as t rans la to r ,  l i nk ing -p in  and 
l e g i  t imator ,  have d i r e c t  relevance t o  the innova t ion - ins t i tu t i on  in te rac t ion .  
The data are s t ruc tured according t o  the ro les  adopted by organizat ions and 
the consequences f o r  i n s t i t u t i o n a l  act ion, both i n  general and s p e c i f i c a l l y  
r e l a t ed  t o  CP, 
ANALYSIS 
The fo l l ow ing  analysis considers the  i n t e rac t i on  between an innovat ion 
(center-pivot i r r i g a t i o n )  and i n s t i t u t i o n s  i n  a given i n s t i t u t i o n a l  arena ( the 
Nebraska ag r i cu l t u ra l  community) from two perspectives. Analysis from the 
f i r s t  perspective focuses on the development o f  the innovat ion and how i t s  
d i f f u s i o n  inf luenced the  Nebraska i n s t i t u t i o n a l  arena. B r i e f l y ,  t h e  
innovation was perceived as s a t i s f y i n g  a need and f u l f i l l i n g  ce r t a i n  normative 
values w i t h i n  the community. When it appeared t h a t  CP might s a t i s f y  these 
needs, i n s t i t u t i o n s  attempted t o  determine whether CP s a t i s f i e d  the 
requirements o f  those normative values. By s a t i s f y i n g  both requirements, 
center-pivot i r r i g a t i o n  spread widely and rap id l y .  I n  doing so i t  changed the 
environment. I n  the new environment created by CP (as we l l  as other events), 
new problems became apparent. These problems are r e l a t ed  t o  CP but  due t o  
cont inuing values and i n s t i t u t i o n a l  r o l es  premised on CP's 
i n s t i t u t i o n a l i z a t i o n ,  the i n s t i t u t i o n a l  perception o f  CP has not  s i g n i f i c a n t l y  
changed. Rather than prompting a r e j e c t i o n  o f  CP, these new problems have 
spawned a new innovation, groundwater cont ro l .  
The second perspective focuses on the i n s t i t u t i o n s  and ro l es  t h a t  they 
have played i n  the d i f f u s i o n  o f  CP. A c o n t r o l l i n g  soc ia l  order--fel t  
need--has a f fec ted the ro les  o f  industry,  t he  un ive rs i t y ,  and the  f inance 
community w i t h  regard t o  center-pivot.1 The prevalent  i n s t i t u t i o n a l  
responses t o  center-pivot were r ou t i ne  and cooperative, viewing CP as a 
labor-saving and product ive innovation. These react ions were f a c i l i t a t e d  by 
encountering the innovation through rou t i ne  exchange re la t ionsh ips  enabl ing 
the  organizat ions t o  respond t o  CP i n  r ou t i ne  ways. 
Innovat ion D i f f u s i o n  and D i f f e r e n t i a t i o n  i n  an I n s t i t u t i o n a l  Context 
The o v e r r i d i n g  concern o f  t h e  a g r i c u l t u r a l  community i n  t h e  1950s and 
1960s was product ion. Any product o r  process t h a t  supported o r  increased 
product ion was viewed p o s i t i v e l y .  New products o r  processes were tes ted  and, 
i f  r e s u l t s  were pos i t i ve ,  spread r a p i d l y .  A good example i s  h y b r i d  corn, 
which went from a s i n g l e  a p p l i c a t i o n  t o  almost un i ve rsa l  acceptance i n  o n l y  a 
few years. 
I n  view o f  t h e  concern w i t h  product ion, technology and i t s  var ious  
man i fes ta t ions  i n  farm equipment have become h i g h l y  valued. The development 
of new technology has made a g r i c u l t u r e  i n c r e a s i n g l y  c a p i t a l  , r a t h e r  than 
labor,  in tens ive .  This  was e s p e c i a l l y  t r u e  dur ing  t h e  1960s, when the  
a v a i l a b i l  i t y  o f  c a p i t a l  was very  h igh  and technology was perceived as a 
pr imary s o l u t i o n  t o  any problem. 
Another f a c t o r  t h a t  encouraged t h e  development o f  c e r t a i n  k inds  o f  
technology dur ing  t h i s  pe r iod  was t h e  increas ing  a v a i l a b i l  i t y  o f  e l e c t r i c i t y  
i n  r u r a l  areas. The Rural E l e c t r i f i c a t i o n  Associat ions (REAs) were ope ra t i ng  
below peak load capacity,  e s p e c i a l l y  du r ing  t h e  summer months. The REAs 
encouraged t h e  use o f  many e l e c t r i c a l  appl icances by farmers, center -p ivo t  
i r r i g a t i o n  included. 
Thus, a t  t h i s  t ime t h e  c e n t r a l  quest ions concerning an innovat ion  such as 
CP were: Does i t work ? Does it improve product ion  ? I s  i t  economical ? Not 
s u r p r i s i n g l y  t h e  research done on CP by  t h e  U n i v e r s i t y  o f  Nebraska's 
A g r i c u l t u r a l  Experiment S t a t i o n  focused on these issues. 
At t h e  onset CP was charac ter ized as t h e  most impor tan t  s tep  i n  t h e  
mechanization o f  a g r i c u l t u r e  s ince t h e  advent o f  t he  t r a c t o r .  A f t e r  t he  r a t e  
o f  r o t a t i o n  and water a p p l i c a t i o n  i s  set, a CP p r a c t i c a l l y  runs on i t s  own. 
Abundant power sources and groundwater were a v a i l a b l e  t o  operate CP. The 
device cou ld  increase product ion on e x i s t i n g  farmland as w e l l  as increase t h e  
amount o f  land i n  c u l t i v a t i o n .  
At i n i t i a l  encounter these a t t r i b u t e s  would appear t o  match the 
a g r i c u l t u r a l  comnunityms norms, notab ly  increased production and automation. 
Thus the i n i t i a l  response was rout ine,  namely research t o  conf i rm the 
appearances. Research on CP, done p r i m a r i l y  by the  Experiment Stat ion, 
focused on the performance a b i l i t y  and on the production t h a t  could be 
expected under various condit ions. Among the aspects studied were the proper 
scheduling and amounts o f  water app l ica t ion,  var ious s o i l  compositions, and 
the app l ica t ion o f  herbicides, pest ic ides,  and f e r t i l  i ze r .  Economic analyses 
focused on prices, expected production, and costs o f  production. 
The research, a rou t ine  d i f f e r e n t i a t i o n  process, showed t h a t  CP would 
increase production by a1 lowing precise con t ro l  o f  water, herbicide, 
pest ic ide,  and f e r t i l i z e r  appl icat ion.  It a lso showed that ,  due t o  i t s  
app l i ca t ion  contro l ,  CP could be used t o  i r r i g a t e  sandy so i l s .  Because i t  
u t i l i z e d  a sp r i nk l e r  system ra ther  than a ser ies  o f  g r a v i t y  powered troughs, 
CP could a lso be used on very h i l l y  ground. Thus CP met the p reva i l  i ng  norm 
o f  increased production. It d i d  not  requ i re  an innovat ive  response, such as 
r es t r uc tu r i ng  o f  the ag r i cu l t u re  business. Rather, i t s  use by farmers was 
r o u t i  ne (mechanized water del i very + seeded 1 and 3 harvest + increased 
production) as other technology had been ( t r a c t o r s  + seeded land + mechanized 
harvest + production). There was no apparent need f o r  any innovat ive  response 
on the pa r t  o f  farmers o r  researchers.2 Thus, CP was legi t imated3 and i t s  
d i f f u s i o n  keyed t o  the increase i n  land t h a t  could be i r r i g a t e d  and the 
p roduc t i v i t y  o f  i r r i g a b l e  land. 
However, w i t h  the passage o f  time, a new set  o f  problems confronted t he  
Nebraska a g r i c u l t u r a l  community. I n  1973, the embargo on o i l  by the OPEC 
nat ions put t he  term "energy c r i s i s 1 I  i n t o  the  h e r i c a n  vocabulary. Un t i l  
then, cheap and abundant f u e l  was taken f o r  granted. With the advent o f  a i r  
cond i t i on ing  and t h e  spread o f  e lec t r i c i t y -dependent  i r r i g a t i o n  technology, 
peak load times f o r  e l e c t r i c i t y  occurred i n  t h e  summer months, r e v e r s i n g  t h e  
e a r l i e r  s i t u a t i o n .  Center-pivots i n  p a r t i c u l a r  are h i g h l y  energy i n tens i ve .  
The REAs began l i m i t i n g  t h e  number o f  w e l l s  and/or t h e  t o t a l  horsepower they 
would prov ide i n  any area. Scheduling programs were proposed so t h a t  peak 
load capac i ty  would n o t  have t o  be increased. Natural  gas d i s t r i b u t o r s  a l so  
l i m i t e d  t h e  amounts o f  gas they  would prov ide f o r  i r r i g a t i o n  due t o  l i m i t e d  
supply l i n e s  and reserve gas suppl ies. [She f f i e ld ,  1978.1 
The energy c r i s i s  was on l y  the  f i r s t  o f  several chal lenges t o  t h e  
p r e v a i l i n g  normative s t r u c t u r e  o f  t h e  Nebraska a g r i c u l t u r a l  community. 
Increased product  i on  and p r o d u c t i v i t y  prompted concerns about overproduct i o n  
and, t o  a l esse r  extent,  l and  use and fa rm ownership. Overproduction causes a 
drop i n  p r i ces  p o t e n t i a l l y  beyond the  c a p a b i l i t y  o f  f ede ra l  p r i c e  support 
programs t o  balance. A drop i n  cash f low, e s p e c i a l l y  i f  susta ined and 
pervasive t o  t h e  a g r i c u l t u r a l  community, poses a r e a l  t h r e a t  t o  i t s  present  
c a p i t a l  i n t e n s i v e  economic s t ruc tu re .  Simply, i f  p r i ces  f a l l  low enough, CP 
systems are no longer economical. Crop pr ices,  however, are p a r t l y  determined 
by  such i n s t i t u t i o n a l  e x t e r n a l i t i e s  as t h e  l e v e l  o f  p r i c e  supports o f f e r e d  t o  
farmers and t h e  amount o f  expor ts  al lowed by the  government. With 
i n s t i t u t i o n a l  c o n t r o l s  such as these, producing as much as poss ib le  i s  no 
longer the  obvious goal. Instead o f  increased product ion, e f f i c i e n c y  i n  
achiev ing opt imal  outputs i s  now t h e  h ighes t  va lue as f a r  as product ion  i s  
concerned. 
The b igges t  problem connected w i t h  CPs i s  t h e  drop i n  groundwater l e v e l s  
i n  t he  s ta te .  With groundwater dropping a t  a r a t e  o f  one t o  th ree  f e e t  
annua l ly  i n  many p a r t s  o f  Nebraska, t h e  norm i s  no longer  t h a t  water can be 
pumped ind i sc r im ina te l y .  Contro ls  o f  some k i n d  were determined t o  be 
necessary by  the  Nebraska Unicameral. The Ground Control Act o f  1975 gave the 
Natural Resource D i s t r i c t s  (NRDs) the power a f t e r  pub1 i c  hearings, t o  declare 
i r r i g a t i o n  cont ro l  areas. The law authorized NRDs t o  r e g i s t e r  we1 l s ,  increase 
we l l  spacing, a l l oca te  maximum we l l  withdrawals f o r  various crops, order 
r o t a t i o n  pumping and, as a f i n a l  resor t ,  declare a moratorium on f u r t h e r  
w e l l d r i l l i n g  f o r  up t o  one year. 
The d i f f e r e n t i a t i o n  which accompanied CP d i f f u s i o n  over time i s  r e f l e c t e d  
i n  the ch ron ic l i ng  o f  CP by the Omaha World-Herald, the s t a te ' s  major d a i l y  
newspaper. The s to r ies  t h a t  ran on CP evolved thus ly :  From 1967 i n t o  the 
ear l y  1970s, the s t o r i es  concentrated on production bene f i t s  o f  CP. A t  f i r s t  
the s to r ies  were about the  use o f  CP f o r  corn and then l a t e r  on i t s  use w i t h  
spec ia l t y  crops such as sugar beets and potatoes. I n  1971-1972, the a r t i c l e s  
centered on land erosion i n  western s o i l s  due t o  poor management. F ina l l y ,  i n  
1973-1975, the concern focused on underground water suppl ies and the passage 
o f  t he  Groundwater Control Act. 
I n  the d i f f e r e n t i a t i o n  o f  the secondary a t t r i bu tes  o f  CP, t he  q u a l i t i e s  o f  
the innovation t h a t  came t o  be viewed as negative were disconnected from 
CP and t reated as a second and unrelated issue. Thus, groundwater deplet ion 
became a - new problem, necess i ta t ing an innovat ive response. For example, i n  
keeping w i t h  the high value o f  technology i n  the Nebraska a g r i c u l t u r a l  
community, one informant expressed hope t h a t  ways o f  recharging ground water 
could be developed. However, i n  the  absence o f  such a technological  solut ion,  
there  was s t i l l  no reac t ion  against CP, bu t  ra the r  the establishment o f  
government con t ro l  l e d  management solut ions.  This avoided any need f o r  
re-evaluation o f  the p o s i t i v e l y  primary and viewed secondary a t t r i b u t e s  o f  CP. 
C r i t i c a l  t o  the  separation between CP and groundwater con t ro l  i s  the r o l e  
played by the  Conservation and Survey D iv i s ion  (CSD) o f  the I n s t i t u t e  of 
Agr icu l tu ra l  and Natural Resources a t  UN-L. Vince Dreezen, d i r ec to r  o f  the  
CSD, may be seen as a  l ink ing-p in4 i n  the i n s t i t u t i o n a l  s t r uc tu re  connecting 
groundwater t o  i r r i g a t i o n .  As head o f  the CSD he helps prepare studies o f  
groundwater suppl ies t h a t  are used i n  the determination o f  con t ro l  d i s t r i c t s .  
As an e x - o f f i c i o  d i r ec to r  o f  the Nebraska W e l l d r i l l e r s  Assocation, he has had 
extensive involvement w i t h  the people who d r i l l  we l l s  f o r  i r r i g a t i o n  
development. He has intervened and kept  out  o f  cour t  a  number o f  disputes i n  
which deep water wel ls  have caused smaller domestic we l l s  t o  go dry. Yet he 
sees no connection between what he does and the d i f f u s i o n  o f  CP. [Dreezen, 
1977.1 His i n a b i l i t y  o r  d i s i n c l i n a t i o n  t o  make t h a t  l inkage i l l u s t r a t e s  the 
separation o f  the two innovations (CP and groundwater c o n t r o l )  and the ex tent  
t o  which CP i s  now rout in ized,  wh i le  groundwater continues t o  provoke 
innovat ive response. 
The creat ion o f  Natural Resource D i s t r i c t s  and the  passage o f  the 
Groundwater Control Act o f  1975 may be looked a t  as the creat ion o f  a  second 
i nnovation--government con t ro l  o f  groundwater. Unti  1  t he  passage o f  t h i s  act, 
there  was no formal s t ruc tu re  o f  ownershi p  r i g h t s  concerning groundwater. 
Indeed, t h e  act  i t s e l f  w i l l  probably be tes ted w i t h  regard t o  i t s  
cons t i t u t i ona l i t y .  If i t  survives such a  test ,  the ac t  w i l l  probably be the 
basis f o r  f u r t h e r  l e g i s l a t i o n  c l a r i f y i n g  who has what r i g h t s  w i t h  respect t o  
underground lwater. Thus t h i s  innovation i s  s t i l l  i n  i t s  ea r l y  phases, w i t h  
i t s  primary a t t r i bu tes  as ye t  undeveloped. 
The Ef fec ts  o f  I n s t i t u t i o n s  On Innovation 
The companion analysis t o  a  considerat ion o f  an innovat ion 's 
d i f f e r e n t i a t i o n  i n  an i n s t i t u t i o n a l  arena i s  the manner i n  which p a r t i c u l a r  
i n s t i t u t i o n s  responded t o  t he  innovation. Analyzing the  p a r t i c u l a r  
i n s t i t u t i o n a l  reac t i ons  t o  CP i s  l i k e  p u t t i n g  together  a puzzle. TO 
understand t h e  r o l e s  each organ iza t ion  adopts, i t  i s  h e l p f u l  t o  have an idea 
o f  what t h e  broader i n s t i t u t i o n a l  environment looks l i k e .  I n  t h i s  instance, a 
knowledge o f  normative behavior w i t h i n  t h i s  arena he1 ps exp la in  t h e  d i f f u s i o n  
o f  center -p ivo t  i r r i g a t i o n .  
I ndus t r y  i n  Nebraska has t r a d i t i o n a l l y  been t h e  source o f  innovat ion  i n  
a g r i c u l t u r e .  Wi th in  t h e  a g r i c u l t u r a l  community, the  f r e e  market t r a d i t i o n  
reserves t h e  r i g h t  t o  i n i t i a t e  t o  those who are t h e  most en terpreneur ia l  . 
This i n d u s t r y  has as i t s  pr imary goals t h e  making o f  money and increased 
e f f i c i e n c y  i n  product ion. Valmont's r o l e  as t h e  producer o f  CPs i s  t h a t  o f  a 
vendor and as such must convince the  c o n t r o l l i n g  i n s t i t u t i o n s  as w e l l  as t h e  
consumer t h a t  i t s  product i s  needed. 
Valmont acted t o  convince t h e  consumer popu la t ion  by  f i r s t  i d e n t i f y i n g  and 
i n f l u e n c i n g  two key i n s t i t u t i o n a l  actors, t he  U n i v e r s i t y  o f  Nebraska a t  
L inco ln  (UN-L), and t h e  f inance community. While i n d u s t r y  does conduct a 
g reat  amount o f  research i n  Nebraska, i t  i s  t h e  research a c t i v i t i e s  o f  t h e  
U n i v e r s i t y  which possess t h e  c r i t i c a l  r o l e s  o f  l e g i  t i m a t o r  and t r a n s l a t o r 5  
regard ing  new products o r  processes. 
The c r i t i c a l  r o l e s  o f  UN-L as a l e g i t i m a t o r  and a t r a n s l a t o r  grow o u t  o f  
t h e  h i s t o r i c  concern o f  t h e  federa l  government f o r  educat ion and research. 
This concern r e s u l t e d  i n  t h e  1862 M o r r i l l  Act which es tab l ished l and  g ran t  
co l leges  i n  every s t a t e  i n  t he  Union. I n  1887, t h e  Hatch Act es tab l i shed  
A g r i c u l t u r e  Experiment S ta t ions  and i n  1916 t h e  Smith-Lever Act completed t h e  
basic  f unc t i ons  by es tab l i sh ing  Cooperative Extension Services, bo th  t o  be 
operated i n  conjunct ion w i t h  t h e  l and  g ran t  co l leges.  McDermott [ I9711 
describes the presence o f  both research and extension t o  be essent ia l  as 
extension was considered as t he  extending o f  informat ion t h a t  presumably was 
produced by the research a c t i v i t y .  
I n  serv ing the  ag r i cu l t u re  community, t h e  Extension Service acts i n  
response t o  " f e l t  need." F e l t  need i s  i d e n t i f i e d  by extension agents based on 
questions t h a t  are ra ised by farmers i n  the  area they serve. I n  t h e i r  r o l e  as 
l ink ing-pins,  county agents connect farmers t o  informat ion which meets t h e i r  
f e l t  need. I f  no such informat ion ex is ts ,  the  l i nk ing -p in  county agent 
conveys the need t o  extension specia l  i s t s .  (The Un ive rs i t y  has specia l  i s t s  i n  
over twenty f i e l ds . )  Spec ia l is ts  are t he  t rans la to rs ,  t ak i ng  ava i lab le  
research r e s u l t s  and prov id ing needed information. A1 te rna t i ve ly ,  i f  no 
informat ion e x i s t s  a t  a l l ,  spec ia l i s t s  t rans la te  the  need i n t o  a research 
need. At t h i s  point,  products and processes ( innovat ion) which might meet 
t h i s  need are  iden ti f ied, and research i s  conducted which determines whether 
t he  innovation (s )  l e g i t i m a t e l y  meet the needO6 Only in f requen t l y  i s  more 
basic research undertaken. 
The t r ans l a to r  r o l e  has been c r i t i c a l  i n  support ing t he  l eg i t ima to r  powers 
o f  the research system. McDermott [I9711 notes how llextensionll served an 
almost evangel is t ic  funct ion i n  promoting science and r a t i o n a l i t y  i n  farming. 
This e f f o r t  re in forced the v a l i d i t y  o f  the r o l e  o f  the academic e n t i t y  as the 
leg i t imator ,  since i t s  existence and pract ices are based on science and 
r a t i o n a l i t y .  
A l i m i t a t i o n  o f  t h i s  system i s  t h a t  innovat ion must make i t s e l f  known i n  
some way before questions from farmers ( " f e l t  need") w i l l  occur. For the 
producer t h i s  e n t a i l s  making a connection between i t s  innovat ion and 
p reva i l i ng  norms, a t  l eas t  among the ea r l y  innovators. Valmont promoted CP 
f o r  i t s  product ion-ra is ing po ten t ia l ,  emphasizing i t s  labor-saving qua l i t i e s .  
I t s  use by  p lungers was advertised.7 Thus when UN-L was going t o  t e s t  a new 
system and Valmont approached them w i t h  t h e  o f f e r  o f  CP, the  fe l t -need had 
been created and t h e  U n i v e r s i t y  was prepared t o  respond. I t s  response was 
rou t i ne ,  enabl ing an i n i t i a l l y  p o s i t i v e  a t t i t u d e .  
As farming was becoming more c a p i t a l  i n t e n s i v e  and as CPs are  expensive, 
t he  r o l e  o f  the  f inance community i n  support ing CP became the  t h i r d  p a r t  of 
t h i s  i n s t i t u t i o n a l  puzzle.8 Approximately 95 percent  o f  CPs are f inanced. 
Both p r i v a t e  and p u b l i c  f inance i n s t i t u t i o n s  are invo lved i n  l end ing  money f o r  
t h e  purchase o f  CP systems. The a v a i l a b i l i t y  o f  c a p i t a l  and t h e  tendency o f  
t he  a g r i c u l t u r e  sec tor  towards increased c a p i t a l i z a t i o n  i n d i c a t e  why the  
support o f  CP by f inance i n s t i t u t i o n s  was so c r i t i c a l  t o  i t s  success. One 
informant  s ta ted  t h a t  due t o  the  a v a i l a b i l i t y  and p o s i t i v e  re inforcement  of 
f inanc ing  a farmer was more l i k e l y  t o  spend $50-60,000 i n  1977 than $14-15,000 
i n  1965. 
Pub l ic  and p r i v a t e  banks d i f f e r  as t o  r o l e s  and method o f  operat ion.  The 
p r i v a t e  banks are seen as vendors and operate i n  t h a t  way. They are 
i n te res ted  s o l e l y  i n  making good investments and t h e r e f o r e  were conserva t ive  
i n  eva lua t i ng  t h e  worthiness of CP. Only a f t e r  ten t o  f i f t e e n  years o f  
experience w i t h  CPs d i d  they begin t o  l end  money f o r  them. Thus, commercial 
banks were n o t  i n te res ted  i n  CP as an innovat ion,  b u t  wanted i t  w e l l  
i n s t i t u t i o n a l  ized. Indeed, t o  some banks t h e  na ture  o f  t h e  c a p i t a l  investment 
i s  n o t  even considered. As one in formant  stated, "If the  farmer i s  worth it, 
it doesn' t  mat te r  what he spends h i s  loan on." I n  t h i s  respect  t h e  a c t i o n  o f  
banks w i t h  respect  t o  d i f f e r e n t i a t i o n  i s  c o r o l l a r y :  
CP a increased product ion 9 increased income 
7 
banker a sound investment 9 loan approval 
The bankers do no t  have t o  consider  t h e  complete s e t  o f  p r imary  and secondary 
a t t r i b u t e s  belonging t o  CP, on l y  those t h a t  enable a r o u t i n e  response, o r  
( i n  order o f  decreasing preference) a cooperat ive response or  a c o n f l i c t  
response. E i ther  o f  these l a t t e r  two responses necessi tate more de ta i l ed  
considerat ion o f  the innovation, look ing ( i n  a d e f i n i t i o n a l l y  innovat ive way) 
at :  
increased income +increased production C----CP. 
The pub l i c  f inance i n s t i t u t i o n s  were more s p e c i f i c  as t o  how they 
considered innovation. The Production Cred i t  Associations (PCA) r ou t i ne  
response t o  innovation i s  t o  wai t  f o r  the "p rac t i ca l  'I adopters, those who have 
learned from the  mistakes o f  the plungers. The Farmers Home Administ rat ion 
(FaHA) i s  labeled an administ rator  because i t p r ima r i l y  t r i e s  t o  process loans 
t o  those farmers whose c r e d i t  i s  not  t he  best  and who have been turned down 
elsewhere. Surpr is ingly,  t h i s  conservative organizat ion s ta r ted  lending money 
fo r  CP i n  1967, about two years e a r l i e r  than most f inance organizat ions. This 
i s  a t t r i b u t e d  t o  establ ished i n s t i t u t i o n a l  connections w i t h  the So i l  
Conservation Service. The FaHA checks on the water l eve ls  and s o i l  
composition o f  those t o  whom i t  lends money f o r  CP i r r i g a t i o n  t o  see i f  they 
are adequate t o  support such a system. Since such informat ion was ava i lab le  
i n  a way which could be r o u t i n e l y  processed (thanks t o  UN-L's research) FaHA 
had no need t o  devise a new resource conf igurat ion.  Indeed FaHA's e x i s t i n g  
funct ion,  a c t i v i t y ,  ro le ,  and resource conf igura t ion were re in fo rced  by the CP 
informat ion ava i lab le  i n  the Nebraska a g r i c u l t u r a l  community when FaHA began 
f inanc ing CPs. 
I n s t i t u t i o n a l  Perception o f  and Response t o  CP 
The organizat ions expected t o  in f luence CP were categorized w i t h  respect  
t o  t h e i r  hypothesized perception o f  and response t o  CP (Table 4) and then w i th  
respect t o  t h e i r  actual  perception o f  and response t o  CP (Table 5 )  based on 
informat ion obtained from interviews. 
The hypothesi zed t ab l e  was constructed as f o l  lows. Several a t t r i b u t e s  o f  
CP were i den t i f i ed .  An hypothesized response t o  CP f o r  each i n s t i t u t i o n  i s  
determined based on the  funct ion o f  t h e  i n s t i t u t i o n  as r e l a t e d  t o  the  most 
re levant  a t t r i bu te .  For example, a f inance i n s t i t u t i o n  i s  expected t o  be 
concerned w i t h  the finances o f  CP. For broad-aim organizat ions (e.g., t h e  
Farmer I s  Union, which "supports whatever i s  good f o r  the farmer") an 
hypothesized response based on a s i ng l e  a t t r i b u t e  i s  more d i f f i c u l t  t o  
define. However such hypotheses were made based on the a t t r i b u t e  judged t o  be 
most dominant. 
The expected response t o  CP was c l a s s i f i e d  according t o  t he  categor ies 
described i n  the ana ly t i c  framework. The "none" response was not  included as 
an hypothesized response because i t  was expected t h a t  a1 1 i n s t i t u t i o n s  would 
have a response. 
The la rges t  number o f  organizat ions expected t o  have a cooperat ive 
response t o  CP were those thought t o  perceive the outstanding a t t r i b u t e s  o f  
the device as e i t h e r  "production boomM o r  " labor saving. These are c losest  
t o  primary a t t r i bu tes  o f  CP on which the innovat ion 's success i s  based. 
"Water issues" and "land use" are  secondary a t t r i b u t e s  r e s u l t i n g  from 
widespread d i f fus ion .  Perception o f  secondary a t t r i b u t e s  was expected t o  
vary, w i t h  both " c o n f l i c t "  and " rout ineM responses expectede9 For the  most 
p a r t  both o f  these expectations held true. 
A major d i f fe rence between expected and actual  response was t he  la rge  
number o f  organizat ions w i th  a response o f  "none." I n  general those 
organizat ions r e f l e c t  the  b e l i e f  t h a t  technology, as p a r t  o f  the  f r ee  
enterpr ise  system, i s  not  something t o  be "supported" o r  "opposed" a t  a l l .  
Surp r i s ing ly  many o f  the organizat ions expected t o  be i n  c o n f l i c t  w i t h  CP f e l l  
i n t o  the response category o f  "none. " 
I n  fact,  o f  a l l  o f  the organizat ions expected t o  e x h i b i t  a c o n f l i c t  
response t o  center-pivot, t he  on ly  one t o  do so was t he  Center f o r  Rural 
Affairs. The Nebraska Land Improvement Contractors Associat ion agreed t ha t  CP 
was hu r t i ng  t h e i r  business since land i r r i g a t e d  by CP requ i res  much less  
grading than t h a t  i r r i g a t e d  by g rav i t y  f low methods. NLICA had not, however, 
opposed CP i n a n y  way and saw i t  p o s i t i v e l y  as " labor saving." I n  fac t ,  they 
supported the device i n  a r ou t i ne  way by adver t is ing f o r  the minimal grading 
work required by  CP. 
The Nebraska Association o f  Resource D i s t r i c t s  (NARD), the  Department o f  
Environmental Control (DEC), and the Chairman o f  t he  Publ ic  Works Committee 
(Senator Kremer), a l l  o f  whom were expected t o  c o n f l i c t  w i t h  CP on the basis 
o f  "land use," were not  opposed t o  CP. Instead, NARD and DEC saw i t  as a 
"management" too l ,  and separated t h e i r  concern w i t h  land use, water, and 
ecology i n  general from t h e i r  opin ion o f  CP. They pre fer red t o  see the 
p o s i t i v e  secondary a t t r i bu tes  o f  CP and create a separate category o f  
concern--groundwater contro l - - for  what would otherwise be negative secondary 
a t t r i bu tes  o f  CP. I n  t h i s  way there  was no d i r e c t  c o n f l i c t  w i t h  the norms o f  
the Nebraska a g r i c u l t u r a l  community support ing technology and production. The 
norms could be supported whi le  cont inu ing a c t i v i t i e s  t h a t  lead toward con t ro l  
o f  deep wel l  i r r i g a t i o n .  
Management i s  thus a c r i t i c a l  and h i g h l y  d i f f e r e n t i a t e d  secondary 
a t t r i bu te .  It has been a t t r i b u t e d  t o  CP r e l a t i v e l y  recent ly ,  represent ing a 
time and e f f e c t  d i f f e r e n t i a t i o n .  Valmont Industr ies,  producers o f  CP systems, 
spoke o f  concern about groundwater conservation and the need t o  promote CP as 
a management too l .  This r e f l e c t s  a s h i f t  i n  t h e i r  understanding o f  the  
innovation from production i n  volume t o  opt imiz ing production. By viewing CP 
as a management device i t  i s  seen as p a r t  o f  a s t ra tegy t o  con t ro l  resources 
ra the r  than as a huge resource u t i l i z e r .  
The A g r i c u l t u r e  Experiment S t a t i o n  d i d  n o t  m a t e r i a l l y  b e n e f i t  f rom CP 
d i f f u s i o n  and thus was expected t o  and d i d  r e a c t  i n  a r o u t i n e  way. The 
usefulness o f  an i nnova t i ve  response from the  U n i v e r s i t y  i s  high, b u t  was n o t  
expected and d i d  no t  occur. The F i r s t  Nat ional  Bank (FNB) d i d  have something 
t o  gain by  support ing CPs a t  an e a r l y  stage. The device was h i g h l y  
p r o f i t a b l e ,  and FNB cou ld  have made many more loans had i t  s t a r t e d  e a r l i e r  i n  
time. By miss ing the  chance f o r  an i nnova t i ve  response FNB missed an 
oppor tun i ty .  I t s  i n s t i t u t i o n a l  connect ions were n o t  as good as FaHA, which 
was expected t o  and d i d  respond i n  a r o u t i n e  way. However, because o f  c lose  
t i e s  between FaHA and o the r  government i n s t i t u t i o n s  such as t h e  S o i l  
Conservation Service, t he  i n s t i t u t i o n a l  i zed  response o f  the  FaHA took p lace 
two years be fore  t h a t  o f  p r i v a t e  banks. 
The Conservation and Survey D i v i s i o n  (CSD) should have responsed i n  a 
c o n f l i c t i n g  way s ince i t would b r i n g  t o  l i g h t  t h e  water dep le t i on  a t t r i b u t e s  
o f  CP. By r e p o r t i n g  t h e  impact o f  CP on groundwater, it p a r t i a l l y  f o s t e r e d  
t h e  circumstances t h a t  l e d  t o  t h e  c r e a t i o n  o f  t h e  Groundwater Contro l  Act and 
new du t i es  f o r  t h e  CSD, the  prepara t ion  o f  s tud ies  used i n  the  dec la ra t i on  o f  
groundwater con t ro l  d i s t r i c t s .  However, t h e  CSD d i d  n o t  l i n k  dropping water 
t ab les  t o  t h e  r i s e  o f  CP. It i n  no way sought t o  oppose d i f f u s i o n  o f  CP. 
Had i t  wanted t o  s e l l  more p i vo ts ,  Valmont cou ld  have worked more c l o s e l y  
w i t h  p r i v a t e  banks i n  order  t o  e l i c i t  t h e i r  i nnova t i ve  response a t  an e a r l i e r  
date. The path Valmont took was innovat ive,  bu t  cou ld  have been even more 
accelerated. The Rural E l e c t r i c  Associat ion (REA), which stood t o  b e n e f i t  
from increased e l e c t r i c a l  use, was i nnova t i ve  i n  t h e  campaign it launched t o  
s e l l  CPs. REA was innovat ive  again when circumstance changed and i t  was 
fo rced t o  op t im ize  t h e  d i s t r i b u t i o n  and opera t ion  o f  CP so as no t  t o  exceed 
peak load capaci ty .  
Given the way the  sudden and dramatic emergence o f  the groundwater issue, 
i t  i s  fo r tunate  t h a t  Valmont was not  more successful i n  the s e l l i n g  o f  CP. 
The f a i l u r e  o f  the  l inkage o f  CPs t o  groundwater deplet ion l i e s  p r i m a r i l y  i n  
the normative s t ruc tu re  o f  t h i s  i n s t i t u t i o n a l  arena, which d i d  not  concern 
i t s e l f  w i t h  the la rger  impacts o f  a new innovat ion and l a t e r  chose t o  i s o l a t e  
the problem as a separate innovation, r equ i r i ng  a separate and innovat ive 
response once CP had entered and become a p a r t  o f  the i n s t i t u t i o n a l  s t ruc ture .  
TABLE 4 
Hypothesized I n s t i t u t i o n a l  Pe rcep t i on  o f  and 
Response t o  Cen te r -P ivo t  I r r i g a t i o n  
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Ac tua l  I n s t i t u t i o n a l  Pe rcep t i on  o f  and Response 
t o  Cen te r -P ivo t  I r r i g a t i o n  
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CONCLUSIONS 
The cen t ra l  question o f  t h i s  paper i s  why the i n s t i t u t i o n s  o f  the Nebraska 
a g r i c u l t u r a l  community supported an innovation--center-pivot 
i r r i ga t ion - -ce r ta in  a t t r i bu tes  o f  wh ich--water and energy i n t ens i  ty--were 
p o t e n t i a l l y  so detr imental.  A f te r  presenting a b r i e f  h i s t o r y  o f  the  
acceptance o f  center-pivot i r r i g a t i o n  i n  Nebraska, we analyzed t he  
i n s t i t u t i o n a l  fac to rs  in f l uenc ing  t h a t  acceptance. I n  p a r t i c u l a r  we looked t o  
see i f  there  were rou t ine  exchanges i n  the Nebraska a g r i c u l t u r a l  community 
which smoothed the way f o r  CP1s acceptance. To the extent  t h a t  there  were 
such rout ines,  the  need f o r  other (presumably more d i f f i c u l t  o r  cumbersome) 
responses, whether cooperative o r  c o n f l i c t ,  would be obviated. 
I n  order to  study t he  responses o f  the  Nebraska a g r i c u l t u r a l  community we 
i d e n t i f i e d  those i n s t i t u t i o n s  most l i k e l y  t o  be p a r t  o f  the i n s t i t u t i o n a l  
arena i n t o  which CP was introduced. We hypothesized t h e i r  probable response 
t o  CP, given the innovat ion 's a t t r i bu tes .  We then co l lec ted  data on ac tua l  
response o f  these i n s t i t u t i o n s  t o  CP through a personal in terv iew approach. 
From our study we draw three broad conclusions: 
1. There were de f i n i t e ,  even cont ro l  1 ing, i n s t i t u t i o n a l  inf luences i n  
the acceptance o f  center-pivot i r r i g a t i o n  i n  the Nebraska 
ag r i cu l t u ra l  community. 
2. Center-pivot i r r i g a t i o n ' s  acceptance was f a c i l i t a t e d  i n  the 
Nebraska ag r i cu l t u ra l  community because the innovat ion 
d i f f e r e n t i a t i o n  process y ie lded secondary a t t r i b u t e s  o f  CP t h a t  met 
p reva i l i ng  soc ia l  orders-- fe l t  need. 
3. The innovation d i f f e r e n t i a t i o n  process f o r  center-pivot i r r i g a t i o n  
i n  the Nebraska a g r i c u l t u r a l  community y ie lded both t ransformat ion 
and disconnection o f  detr imental  a t t r i bu tes ,  c rea t ing  the  
circumstances f o r  a t t r i b u t e  r e d i f  i n i  t i o n  i n  the f i r s t  instance and 
another innovation i n  the second instance. 
I n s t i t u t i o n a l  Inf luences 
Where the  l i t e r a t u r e  o f  innovation d i f f u s i o n  tends t o  t r e a t  the  a t t r i b u t e s  
o f  an innovation as f ixed,  the concept o f  innovat ion d i f f e r e n t i a t i o n  set  f o r t h  
i n  t h i s  paper holds t h a t  an innovation d i f f e r s  according t o  actors, time, 
outcomes and responses, and the i n t e rac t i on  o f  these fac tors .  These elements 
o f  d i f f u s i o n  are manifest i n  i n s t i t u t i o n a l  e n t i t i e s .  Thus ra the r  than 
innovation acceptance being a  matter o f  innovation-adopter i n t e rac t i on  (which 
i s  the general premise o f  the  innovation d i f f u s i o n  l i t e r a t u r e ) ,  innovat ion 
acceptance i s  the r e s u l t  o f  i n s t i t u t i o n a l  inf luences. Though t h i s  view was 
the basis f o r  our ana ly t i c  approach, i t  was not  taken u n c r i t i c a l l y .  Indeed 
the study, i n  many respects, took t h i s  as an hypothesis t o  be tested. 
Based on the  evidence presented here, t h a t  hypothesis i s  confirmed. There 
were de f in i te ,  even c o n t r o l l i n g  i n s t i t u t i o n a l  inf luences i n  the acceptance o f  
center-pivot i r r i g a t i o n  i n  the  Nebraska a g r i c u l t u r a l  community. The 
innovation d i d  undergo a  d i f f e r e n t i a t i o n  process, i n  which both the innovat ion 
and the  i n s t i t u t i o n a l  arena changed as a  r e s u l t  o f  the exchanges between and 
among i n s t i t u t i o n a l  e n t i t i e s .  The elements o f  innovation d i f f u s i o n  through 
d i f f e ren t i a t i on  (which we ca l l ed  t he  r o u t i n i z i n g  o f  innovat ion) were t raceable 
based on which actors were involved a t  what times w i t h  what outcomes prompting 
wh i ch  responses. 
Perhaps the  c lea res t  evidence o f  i n s t i t u t i o n a l  inf luences on CP acceptance 
i s  found i n  the time per iod we labe l led  "before the boom," 1967-1970. Though 
the basic CP system d i d  not  change between 1966 and 1967, t he  nature o f  
i n s t i t u t i o n a l  exchanges did. I n  1967 the UN-L Experiment Sta t ion began the 
f i r s t  systematic t e s t i n g  o f  CP. Soon the rea f te r  the r e s u l t s  were published, 
and spread throughout the s t a te  by Ag Extension agents. The upward swing i n  
acceptance o f  CP began almost immediately, c l e a r l y  the r e s u l t  o f  the  
U n i v e r s i t y ' s  leg i t i rna tor ,  t r a n s l a t o r  and 1 ink ing-p in  r o l e s .  For example, t h e  
9-county cumulat ive t o t a l s  o f  CP repo r ted  i n  Table 1 show a 227 percent  
increase from 1967-1978, a 417 percent  increase from 1967-1969 and a 496 
percent increase from 1967-1970. 
C l e a r l y  t h e  U n i v e r s i t y  was not, by  t h e  convent ional  use o f  t h e  term, an 
adopter. It d i d  no t  purchase CP systems f o r  i t s  p r i v a t e  farming business. 
S i m i l a r l y  CP systems d i d  n o t  change i n  pr imary a t t r i b u t e s  between 1967 and 
1970. What d i d  occur was t h e  involvement o f  c r i t i c a l  i n s t i t u t i o n a l  
actors--the U n i v e r s i t y  research f a c i l  i t y ,  and t h e  Ag Extension s p e c i a l i s t s  and 
agents-at a p o i n t  i n  time. The Experiment S t a t i o n  served t h e  l e g i t i m a t o r  
r o l e .  Claims he re to fo re  made by  t h e  manufacturer were now conf irmed ( o r  
d isconf i rmed) by  a t r u s t e d  source. (In t h i s  case the  c la ims genera l l y  were 
confirmed.) Equal ly  important  t h i s  in fo rmat ion  was t r a n s l a t e d  by  t h e  Ag 
Extension s p e c i a l i s t s  from manufacturer c la ims and research f i n d i n g s  i n t o  
" p r a c t i c a l "  in fo rmat ion  f o r  farmers, and then disseminated by Ag Extension 
agents, serv ing  i n  t h e i r  1 ink ing-p in  ro les ,  t o  farmers and o thers  throughout 
t h e  s ta te .  
The importance o f  p a r t i c u l a r  ac to rs  and t i m i n g  o f  exchanges i s  a l so  
revealed i n  t he  p a t t e r n  o f  acceptance. Though REA had begun i t s  campaign 
promoting CP i n  1965, t h e  boom d i d  n o t  begin u n t i l  a f t e r  t h e  U n i v e r s i t y  became 
invo lved w i t h  CP. For example, FaHA i n i t i a t e d  i t s  CP lend ing  f a r  i n  advance 
o f  i t s  expected time, because o f  t h e  i n fo rma t ion  i t  rece ived from t h e  
Un ivers i ty .  Thus the  acceptance o f  CP by c r i t i c a l  i n s t i t u t i o n a l  
influences--Experiment Stat ion,  Ag Extension, FaHA, FEA and so on--was a 
necessary cond i t i on  f o r  farmers t o  adopt t he  innovat ion.  
D i f f e r e n t i a t e d  a t t r i b u t e s  meet p r e v a i l i n g  s o c i a l  o rders  
A  s o c i a l  o rder  i s  an i n s t i t u t i o n a l  e n t i t y  de f ined as a  s o c i e t a l  
d i s p o s i t i o n  w i thou t  s p e c i f i c  members. [Nutt-Powell e t  a1 ., 1978.1 As such a  
s o c i a l  o rder  i s  a  non-organizat ional i n s t i t u t i o n a l  e n t i t y .  I t s  importance i n  
any i n s t i t u t i o n a l  arena depends on the  e x t e n t  and manner i n  which i t  i s  
engaged by  o the r  i n s t i t u t i o n a l  e n t i t i e s .  
I n  our s tudy we i d e n t i f i e d  th ree  p r e v a i l i n g  s o c i a l  orders which i n f l uenced  
CP acceptance: p r o d u c t i v i t y ,  automation and f e l t  need. As t h e  innovat ion  
d i f f e r e n t i a t i o n  process y ie lded  CP a t t r i b u t e s  t h a t  met these s o c i a l  o rders  CP 
became more w ide l y  accepted. 
A basic  concern i n  a g r i c u l t u r e  has always been p r o d u c t i v i t y .  The Nebraska 
a g r i c u l t u r a l  community i s  no exception. Products o r  processes which increase 
p r o d u c t i v i t y  spread r a p i d l y .  The pr imary a t t r i b u t e s  o f  CP d i r e c t l y  a f f e c t  
p r o d u c t i v i t y ,  s p e c i f i c a l l y  c o n t r o l l e d  i r r i g a t i o n  o f  l a r g e  land areas. I n s o f a r  
as t h e  d i f f e r e n t i a t i o n  process showed t h a t  these pr imary  a t t r i b u t e s  h e l d  up i n  
the  i n t e r p r e t i v e  contex t  o f  d i f f e r e n t  ac to rs  ( t h a t  i s ,  t h a t  t h e  secondary 
a t t r i b u t e s  a l so  met t h e  p r o d u c t i v i t y  s o c i a l  order) ,  CP's acceptance would be 
f a c i l i t a t e d .  REA was one o f  t he  f i r s t  t o  reach a  p o s i t i v e  conc1usion f rom i t s  
d i f f e r e n t i a t i o n  process. CP, which used power a t  REA's lowest demand time, 
would even t h e  u t i l i t y ' s  loading, inc reas ing  p r o d u c t i v i t y .  The U n i v e r s i t y ' s  
t e s t i n g  was t h e  most c r u c i a l  i n  e s t a b l i s h i n g  t h a t  CP met t h e  p r o d u c t i v i t y  
standard, f o r  land p resen t l y  o r  p o t e n t i a l l y  i n  c u l t i v a t i o n .  The l i n k  o f  t h e  
U n i v e r s i t y  and FaHA lend ing  standards meant t h a t  once t h e  U n i v e r s i t y  had 
accepted CP as product ive, FaHA would a l so  reach t h a t  conclusion. By 
comparison f u r t h e r  d i f f e r e n t i a t i o n  was necessary f o r  PCA and t h e  p r i v a t e  
lend ing  i n s t i t u t i o n s .  
A  second s o c i a l  order, emerging i n  t h e  pos t  World War I 1  per iod,  was 
automation o f  a g r i c u l t u r a l  p rac t ices .  To a c e r t a i n  ex ten t  t h i s  s o c i a l  o rde r  
i s  l i n k e d  w i t h  p r o d u c t i v i t y ,  though i t has developed an ex is tence and s t reng th  
o f  i t s  own. The pr imary a t t r i b u t e s  o f  CP c l e a r l y  met t h i s  s o c i a l  order,  b u t  
acceptance was dependent on t h e  l e g i t i m a t i n g  evidence o f  t h e  Un ive rs i t y .  CP 
cou ld  and d i d  work, though a  10 degree grade maximum was recommended, g iven 
t h e  dangers o f  s o i l  eros ion and consequent l oss  o f  p r o d u c t i v i t y .  
A t h i r d  soc ia l  order, f e l t  need, in f luenced the  t i m i n g  and manner o f  t h e  
d i f f e r e n t i a t i o n  process. CP had been i n  ex is tence f o r  over 15 years be fore  
the  U n i v e r s i t y  decided t o  t e s t  it. Clear ly ,  desp i te  i t s  p r o d u c t i v i t y  and 
automation pr imary a t t r i b u t e s ,  i t  had no t  developed t h e  necessary secondary 
a t t r i b u t e s  f o r  t he  Un ivers i  ty- - facul  t y ,  extension agents, extension 
speci a1 i s  t s  andlor  experiment s t a t i o n  personnel --to " f ee l  t h e  need. " Indeed 
it apparent ly  took a  chance v i s i t  i n  1966 by  a  farmer and t h e  Valmont general 
sales manager t o  t h e  North P l a t t e  S ta t i on  f o r  t h e  need t o  be f e l t .  However, 
once a  f e l t  need had been a r t i c u l a t e d  and accepted, t h e  innovat ion  cou ld  be 
d e a l t  w i t h  by a  r o u t i n e  response. The r o u t i n e  o f  t h e  U n i v e r s i t y  system i s  
t e s t i n g  - leg i t imat ing  - t rans la t ing  ---+disseminating. There i s  an 
under l y ing  p o s i t i v e  presumption o f  t h a t  rou t i ne ,  namely t h a t  t h e  U n i v e r s i t y  i s  
t o  h e l p  the  a g r i c u l t u r a l  community. Thus the  tendency i s  t o  f i n d  ou t  how t h e  
innovat ion  (here CP) can help. There i s  no equ iva len t  r o u t i n e  t o  e x p l i c i t l y  
t e s t  how i t  might hinder,  or,  should i t  indeed h inder ,  t o  ensure t h a t  such 
innovat ions a re  a c t i v e l y  opposed. What i s  e s p e c i a l l y  important  t o  p o i n t  o u t  
i s  t he  genera l l y  p o s i t i v e  d i s p o s i t i o n  toward innovat ion  o f  t he  " f e l t  need" 
response. Any innovat ion,  i n c l u d i n g  CP, which prompts t h i s  response 
automat ica l l y  gains a  p o s i t i v e  secondary a t t r i b u t e .  This  p o s i t i v e  secondary 
a t t r i b u t e  might  be phrased, "The U n i v e r s i t y  wou ldn ' t  be t e s t i n g  i t i f  i t  
weren' t  somehow i rnpor tant /go~d lusefu l . '~  
D i f f e r e n t i a t i o n  y i e l d s  t rans format ion  /d isconnect ion o f  de t r imenta l  a t t r i b u t e s  
The f i r s t  two conclusions focused on the  acceptance process f o r  CP. 
Ne i ther  p a r t i c u l a r l y  considered t h e  p o t e n t i a l l y  de t r imenta l  aspects o f  
CP-water and energy intensity--which prompted t h i s  s tudy i n  t he  f i r s t  place. 
However t h e  preceding d iscussion does make c l e a r  why t h e  p o s i t i v e  aspects o f  
CP were focussed on i n  t he  process o f  acceptance o f  t h i s  innovat ion  by the  
Nebraska a g r i c u l t u r a l  community. 
There are, however, de t r imenta l  a t t r i b u t e s .  Energy i s  now l e s s  a v a i l  ab le  
and more cos t l y .  Nebraska's groundwater supp l ies  are being depleted. CP's 
water and energy i n t e n s i v e  a t t r i b u t e s  have con t r i bu ted  t o  and a re  in f luenced 
b y  bo th  o f  these s i t u a t i o n s .  Indeed the  pervasiveness o f  CP as the  i r r i g a t i o n  
system o f  choice du r ing  t h e  1970s i s  il l u s t r a t e d  by  CP being used f o r  75-80 
percent o f  a l l  newly i r r i g a t e d  land i n  1974 and 1975. 
C l e a r l y  CP could have a negat ive  impact on t h e  Nebraska a g r i c u l t u r a l  
communi ty .  The innovat ion  d i f f e r e n t i a t i o n  process f o r  CP i n  the  Nebraska 
a g r i c u l t u r a l  community y i e l d e d  both  t rans format ion  and d isconnect ion o f  
detr imenta l  a t t r i b u t e s ,  c r e a t i n g  the  circumstances f o r  a t t r i b u t e  r e d i f i n i t i o n  
i n  t h e  f i r s t  instance and another innovat ion  i n  t h e  second instance. 
The f i r s t  p o t e n t i a l l y  negat ive impact o f  CP was overproduct ion. C l e a r l y  
CP insured p r o d u c t i v i t y  o f  e x i s t i n g  a r r i b l e  l and  by even, c o n t r o l l e d  
i r r i g a t i o n  and f e r t i l i z a t i o n .  It a l so  brought considerable a d d i t i o n a l  land 
i n t o  c u l t i v a t i o n .  Too much product ion cou ld  cause a drop i n  pr ices,  and a 
consequent reduc t i on  i n  p r o f i t s .  Thus unchecked p r o d u c t i v i t y  cou ld  be a bad 
th ing .  The d i f f e r e n t i a t i o n  process lead Valmont, f o r  instance, t o  s h i f t  i t s  
promotional s t r a t e g y  from one emphasizing product ion  i n  volume t o  one 
emphasizing product ion op t im iza t ion .  
A second negat ive  impact emerged from what had been a  p o s i t i v e  a t t r i b u t e .  
REA had promoted CPs as a  means o f  l e v e l l i n g  load demand. The acceptance o f  
CPs was so successful t h a t  t h e  load demand reversed, w i t h  peak load occu r r i ng  
i n  summer. As a  consequence REAs were fo rced t o  an i nnova t i ve  response. They 
could no t  choose a  response which was i n  c o n f l i c t  w i t h  CP, given t h e  manner i n  
whi ch the  innovat ion  met p reva i  1  i n g  s o c i a l  orders. Thus REAs created another 
innovation--use scheduling. They promoted t ime c locks  and r a d i o  con t ro l s .  
They a lso provided f o r  shut down when peak capac i ty  was about t o  be exceeded, 
w i t h  customers r e c e i v i n g  d iscounts i n  exchange f o r  t he  inconvenience. 
A companion negat ive impact t o  the  energy i n t e n s i t y  i s  the  water 
i n t e n s i t y .  Both a t t r i b u t e  t rans format ion  and innovat ion  c r e a t i o n  responses 
have been employed regard ing  t h i s  a t t r i b u t e  so t h a t  CP acceptance can 
cont inue. Valmont's promotion o f  CP now tends t o  emphasize i t  as a  management 
t o o l ,  a  means o f  c o n t r o l l i n g  the  use o f  l i m i t e d  resources through t h e i r  
e f f i c i e n t  app l i ca t i on .  Perhaps more i n t e r e s t i n g  i s  t h e  manner i n  which t h e  
Nebraska a g r i c u l t u r a l  community t rea ted  groundwater dep le t i on  as an issue 
separate from t h e  increased use o f  CP. The two were disconnected, such t h a t  
the  innovat ion  which responded t o  the  dep le t i on  issue--Natural Resource 
D i s t r i c t s  and t h e i r  var ious r e g u l a t o r y  powers--would no t  be i n  c o n f l i c t  w i t h  
CPs, which were by  now an i n s t i t u t i o n a l  e n t i t y  i n  t h e i r  own r i g h t .  Thus none 
o f  t h e  i n s t i t u t i o n a l  e n t i t i e s  (save one) we had hypothesized would man i fes t  a  
c o n f l i c t  response t o  CP i n  f a c t  did. What d i d  occur was the  c r e a t i o n  o f  a  
separate ( a t  bes t  tangent i  a1 ) network o f  groundwater con t ro l ,  se t  i n  t h e  
p u b l i c  sector ,  and s t ruc tu red  t o  minimize d i r e c t  c o n f l i c t  w i t h  the  CP network. 
NOTES 
A s o c i a l  o rder  i s  de f ined as "a s o c i e t a l  d i s p o s i t i o n  w i thou t  s p e c i f i c  
 member^.^^ [Nutt-Powell, e t  a1 ., 1978, p. 19.1 
An i nnova t i ve  response i n  t h i s  case would have been f o r  t h e  A g r i c u l t u r a l  
Experiment S t a t i o n  t o  i n v e s t i g a t e  the  impact on n a t u r a l  resources on t h e  
ex tens ive  use o f  CP, o r  t h e  economic consequence o f  energy dependence. 
A l e g i t i m a t o r  i s  def ined as "an a c t o r  g i v i n g  status,  au tho r i t y ,  and/or 
c r e d i b i l i t y . "  [Nutt-Powell, e t  al., 1978, p. 13.1 
A l i nk ing -p in  i s  def ined as "a connector o f  ac t i ons  among i n s t i t u t i o n s . "  
[Nutt-Powell, e t  al., 1978, p. 32.1 
A t r a n s l a t o r  i s  def ined as "a conveyor and u s u a l l y  i n t e r p r e t e r  o f  
in fo rmat ion  from one source t o  another. 'I [Nutt-Powel 1  , e t  a1 . , 1978, 
p. 33.1 
Research i n  t h i s  con t e x t  inc ludes assessing t h e  product /process t o  see i f  
it meets t h e  norms o f  t he  i n s t i t u t i o n a l  arena. 
A p lunger i s  de f ined as " the u l t i m a t e  i n i t i a t o r ,  t r y i n g  o u t  new 
ideas l th ings  s imply because they  are new, general ly ,  w i t h  l i m i t e d  regard  
as t o  r i s k . "  [Nutt-Powell, e t  al., 1978, p. 32.1 
The f i r s t  CP cos t  $7,000 t o  b u i l d  and i n s t a l l .  Current costs o f  a  CP 
range from $35,000 t o  $60,000 depending on t h e  s i z e  o f  t h e  system. 
A  secondary a t t r i b u t e  such as "water useM i l l u s t r a t e s  t h e  var ious  k inds  o f  
d i f f e r e n t i a t i o n .  The Centra l  Nebraska Pub l i c  Power and I r r i g a t i o n  
D i s t r i c t  was concerned w i t h  water as a  c o r o l l a r y  o f  CP. I t s  concern was 
w i t h  t h e  amount o f  water needed as t h e  number o f  p i v o t s  grew, and w i t h  
changing water a l lo tments  from a  f i x e d  amount t o  a  demand bas i s  as 
seasonal f l u c t u a t i o n s  increased. The Farmers Home Admin is t ra t ion  was 
concerned w i t h  the  a v a i l a b i l i t y  o f  water be fore  lend ing  t o  an i n d i v i d u a l :  
t h i s  r e f l e c t s  a  t ime d i f f e r e n t i a t i o n  o f  CP--that t h e  economic f e a s i b i l i t y  
o f  a  CP changes w i t h  t ime i f  water resources r u n  out. Both the  S i e r r a  
Club and t h e  A g r i c u l t u r e  Bu i l de rs  o f  Nebraska (a group o f  i n d i v i d u a l s  
i n f o r m a l l y  organized t o  represent  t h e  i n t e r e s t s  o f  agr ibus iness)  were 
concerned w i t h  t h e  e f f e c t s  o f  CP as groundwater changed from an abundant 
resource t o  a  c o n t r o l l e d  substance. The S i e r r a  Club i s  concerned w i t h  t h e  
i n t e r r e l a t i o n  between CPs, underground water and stream f low.  The 
A g r i c u l t u r e  Bu i lders  o f  Nebraska were going t o  meet and s t a r t  rev iewing 
p lans f o r  water use. So w h i l e  water use was a  c r i t i c a l  component o f  CP 
d i f f u s i o n  and t h e  i n s t i t u t i o n a l  reac t ion ,  t h e  exac t  na ture  o f  water 
concerns and approaches represent  an a r r a y  o f  secondary a t t r i b u t e s  t h a t  
are the  consequence o f  var ious d i f f e r e n t i a t i o n s .  
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Appendix A 
I n t e r v i e w  L i s t  
Each l i s t i n g  i nc l udes  t h e  name o f  t h e  i n d i v i d u a l  in te rv iewed,  t h e  
o r g a n i z a t i o n ( s )  represented and t h e  acronym used i n  t h i s  paper f o r  t h e  
o rgan i za t i on .  
AES 
A g r i c u l t u r a l  Extension Services 
Leo Lucas, D i r e c t o r  
Ag B u i l d e r s  
A g r i c u l t u r e  B u i l d e r s  o f  Nebraska 
Gib Er ickson, Pres iden t  
Ag Counci 1 
Nebraska Agr i c u l  t u r a l  Counci l 
Paul Grabouski, P res iden t  
Ag Exp Sta 
A g r i c u l t u r a l  Experiment S t a t i o n  
Dr .  Warren Sahs 
CNPPID 
Cent ra l  Nebraska Pub l i c  Power and I r r i g a t i o n  D i s t r i c t  
R. D o  D i  rmeyer , General Manager 
CR A 
Center f o r  Rura l  A f f a i r s  
Don Ra ls ton  
CS D 
Conservat ion and Survey D i v i s i o n  
Vince Dreezen, D i r e c t o r  
DA 
Department o f  A g r i c u l t u r e  
Glenn Kreuscher, D i r e c t o r  
DEC 
Nebraska Department o f  Environment Cont ro l  
Jack Subavaty 
DED 
Nebraska Department o f  Economic Development 
Steve Kale 
D I  
Nebraska Department o f  Insurance 
Don Deale 
Ex A 
Extension Agent 
Marshal l  Logan 
FB 
Nebraska Farm Bureau Federat ion 
Richard Gooding 
FaHA 
Farmers Home Admin is t ra t ion  
B i l l  Waldo, Act ing Sta te  D i rec to r  
Farml and 
Farml and Indus t r i es  
Gib Er ickson 
FNB 
F i r s t  Nat ional  Bank 
Evere t t  L. Shi rk  
FS C 
Farm Safety Counci 1 
R o l l i n  Schneider 
FU 
Farmers Union o f  Nebraska 
Louis Wiebe, President 
Grange 
Nebraska State Grange 
Edward Anderson, President  
MFREDA 
Midwest Farm R e t a i l  Equipment Dealers Associat ion 
Don V i r g i n  
NARD 
Nebraska Associat ion o f  Resource D i s t r i c t s  
R i  chard Hahn, D i rec to r  
NBA 
Nebraska Bankers Associat ion 
Harry Argue 
NB F 
Nebraska Department o f  Banking and Finance 
Jack R i  ley, D i rec to r  
NCC 
Nebraska Cooperative Council 
Maynard O r  tegren, Pres i dent 
NCEAA 
Nebraska County Extension Agent Associat ion 
Jane Bierman 
Neb. Farmer 
Nebraska Farmer 
Bob Bishop, E d i t o r  
NF I /NGFA 
Nebraska F e r t i l i z e r  I ns t i t u te INebraska  Grain and Feed Dealers 
Associat ion 
Robert L. Anderson, Execut ive Vice President  
NFO 
Nebraska Nat ional  Farmers Organizat ion 
Ed Tvrdy, President  
NLICA 
Nebraska Land Improvement Con t r a c t o r s  Associ a t i o n  
Ron Gaddis 
NN G 
Northern Natura l  Gas Company 
Paul Ducharme 
NPC 
Nebraska Petroleum Counci 1 
Donald Crosier,  Assis tant  D i r e c t o r  
NPPD 
Nebraska Pub1 i c  Power D i s t r i c t  
Henry Rice, Executive D i rec to r  
NSA 
Nebraska Seedsman Associ a t i o n  
B i l l  Monke 
NS FMR A 
Nebraska Society  o f  Farm Managers and Rural Appraisers 
Doug Duey 
NS I A  
Nebraska State I r r i g a t i o n  Associat ion 
Henry Lange 
Om W-H 
Omaha World Herald 
Don Ringler ,  Farm E d i t o r  
PCA 
Product ion Cred i t  Associat ion 
Jamison Lincoln, President  
R EA 
Nebraska Rural E l e c t r i c  Associat ion 
Harry Hackbart, Vice President  
SC 
Blues tem S i e r r a  Club 
Gary Lu tman, Chairman 
Sen. Kremer , Chairman 
Pub l ic  Works Committee 
Senator Schmidt, Chairman 
A g r i c u l t u r e  and Environment Committee 
Senator Warner, Chairman 
Appropr iat ions Committee 
SEO 
Nebraska State Energy O f f i c e  
George Dworak 
SOPP 
State O f f i c e  o f  Planning and Programming 
Warren White 
Valmon t 
Valmon t Indust r ies ,  Incorporated 
Dean Howard 
W e l l d r i l l e r s  
Nebraska We1 l d r i l  l e r s  Associat ion 
Vince Dreezen 
Also interviewed: 
Les Shef f ie ld ,  Chairman 
Department o f  A g r i c u l t u r a l  Economics, UN-L 
W i l l  iam Sp l i n te r ,  Chairman 
Department o f  A g r i c u l t u r a l  Engineering, UN-L 
Mar t i n  Massengale, Vice Chancel l o r  
I n s t i t u t e  o f  A g r i c u l t u r e  and Natura l  Resources, UN-L 
In te rv iews were conducted i n  July-August , 1977 and February 1978. 
